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Abstract
Knowledge of species with multiple habitat needs for conservation and species
survival planning is scarce. In order to predict areas of habitat suitability and potential
further research, suitability modeling is necessary. This research created a GIS-based
model to predict habitat suitability potential for the spotted turtle (Clemmys guttata) in
four counties of western New York.
Because of scarce and conflicting information on spotted turtle habitat needs, a
survey was sent out to experts that evaluated spotted turtle habitat parameters. The goal
of the habitat model was to predict optimal habitat for sustainable spotted turtle
populations in an area where viable populations had not been confirmed. The surveys
were designed to assign relative values to various habitat parameters and derive
qualitative and quantitative information for future field assessment measures. The survey
and data collection were based on the Analytical Hierarchy Process (AHP).
The method ultimately used for habitat selection was a Hybrid-Deductive
approach because of the inductive and deductive reasoning used with scarce and
conflicting information on spotted turtle habitat preference. The GIS model selected sites
based on an iterative process, resulting in four sites being selected as the “best” habitat
sites, combining survey, literature, and GIS data. Model results were compared to
historic state sighting records from the NY DEC and fit reasonably well in two of the four
counties, but the model did not account for populations that seem to prefer atypical
habitats, such as ditches. The model also discarded potentially viable sites (based on land
cover) minimally impacted by roads. Results also suggest the need for more detailed soil,
road, and land cover data to help determine connectivity between potential habitat sites.
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Introduction
Knowledge of the habitat requirements for a species is necessary to justify and
optimize conservation and management strategies. Habitat requirements include
parameters such as home range, vegetation preference, and proximity to human
developments. However, due to monetary and research resource limitations,
environmental managers, conservation biologists and ecologists must often choose which
areas to protect based on limited information, such as literature reviews and field
research. Developing the criteria by which to prioritize areas for conservation is also
constrained by limitations in research time and funds, policies, and disagreement in
criteria formation and justification. To help optimize resources and help resolve criteria
disagreement, expert opinions can be collected and analyzed to assess and support
decision criteria. These criteria can then be used to identify and prioritize suitable habitat
for the species within a landscape through habitat suitability modeling.
Habitat suitability modeling is a method of identifying the target optimum habitat
for a species. Habitat suitability models are effective and accepted tools for
understanding the habitat characteristics of different species, evaluating habitat quality
and developing wildlife management strategies (Debeljak et al., 2001, Larson et al. 2003,
Pereira and Duckstein, 1993). Subsequent categorization of habitat quality displayed in
spatial models can be used to prioritize areas requiring protection based on their
estimated ecological and economic value (Scotts and Drielsma, 2003). Today, modeling
for suitable habitat is more important than ever. Because of rapidly changing landscapes
and diminishing species populations, methods of accurately predicting suitable habitat are
necessary to prioritize and protect areas to support ecological functions and biodiversity.
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The information acquired through this type of modeling can help construct plans for
conservation purposes, such as designing nature reserves, conducting population viability
analyses and integrating management with the economic and social needs of people.
Previous habitat suitability models often focused on a single major habitat type in
choosing suitable areas for species conservation. However, this method has come under
mounting criticism (Ferrier, 2002; Gurnell et al., 2002). In addition to measurement,
statistical and scale issues, there were two major flaws in the assumptions of the models.
First, the models assumed that the species would use the single habitat type selected, even
if more than one of the type of habitat were available (Railsback et al. 2003). However,
the correlation between single-habitat presence and survival in a model (limiting factors
of habitat suitability) would not be applicable if there were many resources and minimal
negative impacts to the species because their needs would be less specific to their
survival. The species would have less pressure upon it to select where to live. Another
assumption is that the selected habitat would provide the resources for a population to
reach carrying capacity and be sustainable over an indeterminate period of time
(Railsback et al. 2003).
More recently, researchers have observed that many species require multiple
habitat types and/or mixed habitat types to effectively sustain their populations.
Migratory species, such as birds, and species with environment specific life-processes,
like amphibians, lizards and turtles, require multiple habitat types at different scales in a
landscape in order to fully carry out various life processes (Gibbons, 2003; Ritters et al.,
1997). Many species’ habitat needs are also time-specific; that is, the habitat is only
necessary at certain times of the year (seasonal). Spotted turtles require multiple habitats.
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They have been observed to inhabit all manner of wetlands, travel over long distances
along upland and lowland habitats, including forests, plains and wetlands of various types
(Haxton and Berill, 2001; Joyal et al., 2001; Litzgus et al., 1999).
Habitat selection and habitat modeling efforts that incorporate diverse habitat use
are specifically important to species that travel between habitats and encounter
disturbances in the landscape, including human impacts. Conservation efforts and habitat
selection for species that rely on multiple habitats must therefore include criteria and
protocol that effectively meet the needs of the species. This is not to say that criteria
exclude human needs and activities. In fact, criteria and protocol that integrate human
needs and activities are necessary to make conservation planning practical and supported
by the communities involved.
Research Goals
The aim of this research is to create a habitat suitability model that integrates
multiple habitat types and assigns and validates suitability values based on expert
judgment and using GIS. The focus species of this research is the spotted turtle
(Clemmys guttata), a local species with conflicting information on habitat needs.
Literature data are used to create a set of criteria for the suitability model and to design a
set of questions for persons knowledgeable of the target species’ habitat to validate. The
literature values and responses to the survey are used to create restriction levels in
different spatial layers of the GIS analysis. These literature and survey data are also used
as factor components that represent respective importance values to the species. These
spatial layer parameters are then processed using a Boolean overlay procedure to
prioritize areas for conservation.
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The spotted turtle (Clemmys guttata) is the subject of a local conservation project
to reintroduce the species into western New York through a captive-breeding and
reintroduction program at the Seneca Park Zoo in Rochester, New York. There is a
strong interest in this species because of its endangered- and threatened- status in the
Eastern United States, Quebec and Ontario Canada (Haxton and Berril, 2001). The
species is known to use multiple habitat types to carry out its lifecycle, but there is
significant disagreement and/or lack of specific information on habitat preference factors
in western New York, making habitat prioritization and preservation difficult. The use of
multiple habitats and the habitat information issues justifies a method of habitat
prioritization that seeks to resolve this conflict in order to focus conservation efforts more
effectively.
Purpose of the model
The purpose of the model is to generate a suitability index for the species based
on comprehensive information from the literature and expert judgment. If the model
predicts sites accurately, the method will offer a significant contribution to conservation
policy planning for animals that use multiple habitats. This can include supporting a
reevaluation of buffer zones around wetland complexes and protection of isolated
wetlands. This is significant for semi-aquatic turtles, which have been observed to travel
great distances out of wetland areas and past buffer zones for life processes or during
times of stress where they must find more suitable habitat and resources (Ernst, 1976;
Gibbons et al. 1983; Joly et al., 2003; Joyal et al., 2001; Yeomans, 1995). An effective
wetland buffer is diverse, containing multilayered and undisturbed vegetation
communities. The buffer must be self-perpetuating and provide wildlife habitat. Habitat
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requirements are not simple, individual pieces, but rather parts of a functioning, dynamic
environment.
Effectively ranking and prioritizing areas of land for a species is important to
many organizations and interest groups, including government agencies, real-estate
developers, public works and development programs, and conservation organizations.
Moreover, there is considerable pressure to develop standardized procedures for habitat
evaluation that increase cost-effectiveness of the process and make communication of
data between and within organizations and professionals easier (Pereira and Duckstein,
1993; Rossi and Kuitunen, 1996). The information can be used to help direct mitigation
and/or protection funds to areas of highest value.
The data can also be used to assess future threats to spotted turtle habitat by
intersecting selected sites with other data layers, such as zoning and pending
development projects, to predict how much good habitat is threatened or likely to be
threatened in the future (Gerrard et al. 2001). This helps predict biological and habitat
stability for surrounding areas as well.
Modeling for Multiple-Habitat Use
Though habitat suitability models can provide information about areas once
constructed, the difficulty of creating these models is in fact, the information used to
build the models. Current information on human influence as part of habitat preference
factors within a landscape for many species is often unclear (Ferrier, 2002; Gerrad et al.,
2001; Osborn et al., 2001). Land- and species-management strategies have difficulty
targeting areas for species conservation that include multiple and strongly different
habitat types. For example, although the presence of surface water is vital for wetland-
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dependent species, many of these species also require terrestrial habitat that often is not
within delineated wetland boundaries (Gibbons, 2003). Since few species have been
studied in depth, modeling is the only option to predict changes in species’ populations
under dynamic environmental changes (Guissan et al., 2000).
The lack of comprehensive habitat information and policy incorporation limits the
effectiveness of conservation policies. Regional conservation, land use planning and
buffer zones between human and non-human habitat are subject to lengthy public
comment and legal challenges. The criteria for conservation policies focus on immediate
and singular habitat areas instead of habitat decline or the relationship between habitat
factors (Gerrard et al. 2001; Guissan et al., 2000).
Planning methods that are flexible and process-oriented can better meet dynamic
environmental conditions that affect species rather than static or arbitrary planning
(Gerrard et al. 2001). This approach would effectively account for habitat variation and
human influence on habitat over time. Developing a comprehensive planning method
also requires a method to confirm conflicting information on the focus species (Akcayaya
and Sjögren-Gulve, 2000). This method also requires a modeling system (such as GIS)
than can incorporate dynamic environmental changes.
Under the best circumstances, research is performed in areas where management
may take place. For the spotted turtles, potential sites are investigated for meeting habitat
requirements, including safety from predators, minimizing negative exposure to human
activities and additional concerns, such as whether the potential area can also help
conserve other turtle species, such as the bog turtle. Target sites are traditionally
evaluated using ground survey techniques, however this process is time-consuming.
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Some suggest that the best research plans for suitable habitat may take several years or
decades of field study to understand the full range of environmental conditions that affect
a species’ population (Ferrier, 2002; Guisan and Zimmerman, 2000). Limited funding,
time, and human resources discourage long-term traditional habitat analysis. Habitat
suitability models can provide some initial information more quickly than field
assessment and offer tools for refining and validating the relationships between habitat
factors (Gibson et al., 2004; Pereira and Duckstein, 1993). This is not to say that field
surveying and assessment are unnecessary. Modeling helps prioritize resources and
efforts through identifying the relative potential of a site to be suitable for a purpose
(Pereira and Duckstein, 1993).
Types of Habitat Assessment Models
This is the first known attempt to generate a suitability model for the spotted
turtle. There have been suitability models generated for related species, including the
snapping turtle and the Blanding’s turtle, while study of the spotted turtle is more recent.
In a report by the U.S. Fish and Wildlife Service (Graves and Anderson, 1987), the model
detailed suitable habitat for the snapping turtle, offering the report as “a hypothesis of
species-habitat relationships [but] not as a statement of proven cause and effect
relationships.” This suitability model aims to predict the best potential sites for the
spotted turtle, using an iterative- reduction process from a limited number of factors using
GIS and expert judgment to specify the parameters. The iterative-reduction process
begins with all potential sites (referred to as “seed sites” and based on one or two major
habitat parameters), followed by the addition of habitat constraints designed to reduce the
number of sites for analysis. At each stage, there are fewer sites that meet the integrated
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habitat criteria. According to the model iterations, the final selected sites will
theoretically indicate the most suitable sites for the species. The information is then used
to prioritize traditional assessment efforts (i.e., ground survey). Additionally, the method
used in this project includes more comprehensive information derived from expert
judgments, but aims to maintain parsimony between process and habitat selection.
Regression Models (Presence and Absence)
Guisan and Zimmerman (2000) compare various suitability modeling procedures
and how their applications and accuracy have increased with the development of GIS.
Suitability models statistically relate the geographical distribution of species or
communities to the present environment for the purposes of conservation, research,
habitat management and species management. Multiple regression and general linear
regression are traditional methods for modeling species distributions. Other methods
include neural networks, ordination and classification methods and weighted approaches,
or combinations of these approaches. More recently, GIS has become a predominant tool
for suitability and regression modeling because it can integrate many more types of
relevant habitat data, such as human influence, and analyze more complex relationships
(Scotts and Drielsma, 2003).
Regression models are the most basic modeling techniques for predicting
suitability potential. These types of modeling are useful to observe relationships between
suitability and habitat factors with conflicting or lack of specific information on the
habitat needs of the spotted turtle. For example, an analysis on spotted turtle habitat
parameters might test the logistic relationship between observed turtle locations and soil
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types. Types of regression models are linear regression and logistic regression. Logistic
regression includes presence/absence models, which may be categorical or probalistic.
Regression models relate a dependent variable (suitability) to a number of
independent variables (habitat factors) in an equation to make a prediction or estimation.
Linear regression models relate dependent and independent variables as numeric
variables. Logistic regression uses a dependent variable as a binary phenomenon, such as
presence or absence. The independent variables can be categorical or numeric variables.
Logistic regression is used in suitability modeling to predict a discrete outcome from a set
of variables that may be continuous, discrete, dichotomous, or a mix of these, producing a
suitability value (Guisan and Zimmerman, 2000). The dependent variable is often
dichotomous, such as presence/absence or success/failure.
The use of logistic regression has been considered an effective measure of
likelihood for an individual to be in a particular habitat and is preferred when there is
prior research on the area and species in question (Hirzel et al., 2001). Gibson et al.
(2004) generated models of swamp antechinus (Antechinus minimus maritimus) in
southern Victoria, Australia using logistic regression with species presence or absence as
the dependent variable and landscape variables, extracted from both GIS data layers and
multi-spectral digital imagery, as predictor variables. Presence-data are indicators of the
likelihood of an individual of a species to be present at any given time. Species are
expected to be non-randomly distributed among habitat factor values and that
presence/absence is the simplest description of an ecological niche of a species (Hirzel et
al. 2001). These data are used to generate probabilities of individuals of a species being
present in a given area and used as an index of habitat suitability (Debeljak et al., 2001).
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Presence/absence techniques are strongly dependant on individuals of a species
being present in the area of research in order to generate likelihood areas in a habitat
suitability model. Two types of presence/absence models are probalistic and categorical.
Categorical models focus on regions of ‘habitat’ and ‘non-habitat’ while probalistic
models involve classifying landscape parcels on a continuous scale of values (suitability),
which are selected based on scale and purpose of the model. Categorical models are
more useful at broad scales and in situations of limited and variable data.
Regression models are useful in determining suitable habitat if the relationship
between habitat preference factors is assumed independent and the species is assumed to
be either present or absent in the study area. Simple regression modeling does not
account for non-random interactions between habitat factors. When multiple factors are
introduced, predicting suitability becomes even more difficult because of the increasing
error and less certainty in complex relationships. Regression models are good for
exploratory research to determine relationships between habitat factors, but can also be
used to test known hypotheses of relationships between habitat factors (Hirzel et al.,
2001). However, the probabilities determined through regression analysis are often
restricted to the areas of research and not applicable to other areas (Franklin et al., 2002).
After an analysis of habitat parameters for the spotted turtle, a probability of presence or
absence could be generated to predict locations of spotted turtle populations. However,
the probabilities would be limited to the areas of initial research.
Areas are ranked for suitability based on the value generated from a regression
analysis equation. The influence of suitability factors of the model can also be ranked to
determine their importance in the final site selection. Posillico et al. (2003) investígate
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the influence of habitat features on bear presence in central Italy using a multi-variate and
one-way analysis of variance and by logistic regression analysis. The report indicated
broad differences between the average values of habitat variables in areas of bear
presence and absence. A logistic analysis performed on the 92 sample squares for
presence and absence classified 95.5% of presence squares and 93.8% of absence squares
and explained 87% of the variance of the dependent variable. During this process, the
researchers identified twenty-one habitat variables that significantly contributed to these
differences as well as the magnitude of their contributions.
Regression analysis is not used in this research because the specific relationships
between habitat factors and suitability for the spotted turtle are not clear. There are
neither specific numerical nor categorical relationships to base the analysis off of in the
study area for the spotted turtle. To test the relationships of habitat factors and suitability
using field research is beyond the scope of this research project. GIS, however, allows
the user to select suitable habitat with a step-wise process of elimination using related
qualitative and quantitative data without knowing specific relationships between the
factors and suitability. The results of this research analysis will help refine and clarify
relationships between habitat factors and suitability and may lead to the development of
regression models. This may include models for multiple levels of suitability depending
on the purpose model (Franklin et al., 2002; Larson, et al., 2003).
Field Surveys
Ground surveying is necessary to confirm model results. Ground survey methods
include counting animals, trapping, collection of droppings, investigations of feeding
sites and ground mapping of habitats (Debeljak et al., 2001; Gurnell et al., 2002).
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Ground surveys are necessary for verification of proposed models but are restricted by
time and the cost of surveying large areas. Models cannot replace physical assessment of
a proposed habitat area, but they can provide strong supplemental information to
prioritize field efforts. Models offer simpler applicable evaluation in stages to identify
critical areas and generate more precise methods of ground survey and analysis (Rossi
and Kuitunen, 1996).
The benefits of using models in conjunction with ground survey methods are that
they are cost-effective, conserve time and physical resources and are updatable (Rossi
and Kuitunen, 1996). Ease in updating is necessary to measure rapid landscape changes
that are taking place in order to predict and respond effectively to these changes. Field
assessments may require less field verification, due to targeting sampling sites.
The Hybrid-Deductive Approach
The Hybrid-Deductive approach is an integration of inductive and deductive
reasoning in developing a habitat suitability model. Inductive reasoning involves
observing patterns and using those observations to make generalizations. In inductive
reasoning approaches, observations about habitat factors and the species are made and
hypotheses on suitability can be created based on these observations. Deductive
reasoning begins with a generalization or a theory and moves to a narrower idea or
hypothesis about the relationship between the variables.
In areas where data for species do not currently exist, wildlife and land managers
must use experimental and deductive reasoning to determine suitable habitat (Ottaviani,
et al., 2004). The deductive method is appropriate when data are sparse, irregular and not
verified for populations of the species within a target range. Conversely, inductive
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reasoning is used when individuals of the species are present in an area and/or specific
information on the species in the area is available.
This research incorporates a hybrid-deductive approach. Data on specific habitat
preference of the spotted turtle in the study area are minimal and there is little
understanding of the relationships between habitat factors and preference. However,
there are general habitat preference data available to form hypotheses about specific
habitat preference from survey responses by experts on spotted turtles. The hybriddeductive method also allows the user to incorporate and integrate specific data derived
from literature and general, qualitative data.
Data analysis using AHP and Expert Judgment
The deductive approach relies heavily on literature data and expert judgments
(Store and Kanagas, 2001). Published literature offers empirical evidence and numeric
values for model parameters. However, literature data often do not focus on qualitative
data for comparison and assessment.
Incorporating expert judgment into habitat suitability modeling offers valuable
opportunities for decision making and research. Qualitative data and expert judgments
allow a suitability model to be more explicitly reasoned for decision making in multicriteria evaluations (Clevenger et al., 2002). Expert judgments are highly useful for
habitat suitability modeling because the parameters for habitat selection can be more
flexible than area-specific data from other studies, yet still be meaningful in terms of the
defined criteria (Pereira and Duckstein, 1993) and reliable and effective information
sources for model development (Scholl et al., 2005).
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Clevenger et al. (2002) developed three spatially explicit habitat models to
identify linkage areas across a main road corridor. One model was based on empirical
evidence, the other two were based on expert information developed in a multi-criteria
decision making process. The empirical model was used to gauge the accuracy of the
expert-opinion-based models. Decision rules were created to identify “linkage zones”
across the road corridor in the study and to validate the expert-based models with field
data on crossing and mortality points. While the model based on expert opinion did not
meet the empirical model, it was explained by an overestimation of the importance of
riparian zones by experts as compared with literature data.
One effective tool for compiling and analyzing these data is Expert Choice
software (Expert Choice, Inc., 2006), which uses the Analytical Hierarchy Process (AHP)
(Leung et al., 1998; Store and Kanagas, 2001). AHP is a powerful data analysis
technique for comparing alternative design concepts that assume a set of objectives has
been determined, and that the user is trying to establish a normalized set of weights to be
used when comparing alternatives using these objectives. Expert Choice software
computes consistency measurements in factor comparisons from a matrix and offers a
wide variety of analysis tools for data. AHP is effective in analyzing qualitative data for
trends and consistency, and can be used to prioritize habitat model factors.
AHP has already contributed to developing conservation and habitat suitability
models using qualitative data. For example, local fishermen in four villages of the
Teacapdn-Agua Brava lagoon-estuarine system were asked in structured interviews using
an AHP approach to assess the likelihood that a mangrove tree would not survive a
hurricane based on three attributes: main stem condition, diameter of main stem and
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species (Kovacs et al., 2004). This approach was meant to assess the impact of a
hurricane on a mangrove forest of the Mexican Pacific. The results from the study
showed a strong consistency amongst the villages with the observations of a previous
investigation using traditional scientific data collection methods (Kovacs et al., 2004).
Expert Choice can incorporate the opinions of experts and previous literature data
on habitat preference to form weight factors that can be assigned to model parameters
without extensive ground assessment (Pereira and Duckstein, 1993; Rossi and Kuitunen,
1996). Literature and expert opinion data are used to assign areas statistical weights of
importance to a parameter in the model, while GIS and analysis of expert opinion and
literature data test the strength of the model. By integrating expert opinion to form
weights for model factors, GIS-based habitat suitability modeling is refined to account
for variability and indirect influences on habitat preference.
GIS Component
A key component of the hybrid deductive approach is GIS. GIS has been used
extensively as a modeling tool in many different habitat-suitability- and speciesabundance-studies (Debeljak et al., 2001; Gibson, et al., 2004; Gurnell et al., 2002). GIS
allows the user to utilize data at many scales and from many sources, store data sets,
extrapolate information from data to larger scales from point sources, and make spatial
comparisons of data are sets (Store and Kanagas, 2001). Spatial layers are selected for
their relevance to species habitat and their availability. LANDSAT imagery, for
example, is useful in a preliminary land cover assessment for a land cover change
analysis. GIS also allows the user to prioritize aspects of the data by assigning weight
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factors to land characteristics. Spatial layers can be reclassified, buffered and combined
to reflect relative suitability across multiple spatial layers.
GIS allows the user to create suitability models with wider application and greater
ease in modification than linear and formulative modeling. Its automation allows rapid
creation and updating of traditional paper maps, facilitates map analyses that would be
too cumbersome using other techniques, allows planning at broad scales based on sitespecific criteria and allows analyses of potential alternative futures (Guisan and
Zimmerman, 2000; Store and Kanagas, 2001). GIS can use categorical data to select
areas of high suitability without numeric formulas and can select areas without being
constrained by linear formulation. Spatial data can also be updated quickly when new
data become available. However, spatial data are not universally available and updates in
previously covered areas may not be timely. Other data sources, such as orthographic
imagery, can be used to verify the reliability of these datasets.
GIS is able to integrate continuous and discrete habitat data sets from a variety of
sources that regression modeling alone cannot, perform spatial analysis, model spatial
analysis and map the results clearly. Regression analysis is possible using GIS, but many
other types of analysis are available to make the habitat suitability analysis more
comprehensive, including Boolean, index and process analyses. Index modeling is
especially important because variables can be evaluated by their relative importance
against other variables (weight), and observed values can be scored or grouped into
classes and scored (Clevenger et al., 2002; Pereira and Duckstein, 1993; Railsback et al.,
2003).
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In prior habitat-suitability assessments, GIS has been used to determine areas of
interest that meet a set of criteria input as restricting parameters. Gibson et al. (2004)
used GIS to model suitable habitat for the swamp antechinus (Antechnicus minimum
maritimus) in Southern Victoria, Australia. The researchers were limited by a variety of
factors, including the availability of spatial data layers suitable to model the habitat of the
species under investigation, the scale at which data were available and the limited number
of sites. A model was developed based on three variables, which were then statistically
tested in the model to see which were useful in modeling habitat suitability. The three
variables analyzed were habitat complexity, elevation, and sun index. All three variables
and their various combinations were tested using a logistic regression. The model
returning the best result used only two of these three variables, habitat complexity and
elevation, and was correct 91% of the time. The authors were unable to test the model
against independent data sets, since these were not readily available, but planned to
conduct a more detailed assessment in the future.
Gurnell et al. (2002) used GIS to investigate habitat suitability for red squirrels
(Sciurus vulgaris). A model of habitat suitability linked to GIS was developed for the red
squirrel in 2800 ha of Thetford Forest, East England, to assess red squirrel population
numbers in relation to forest management. Each forest parcel of land was defined in
terms of tree species and age of forest between 1995 and 2015, and the parcels were
categorized as low, moderate, or high red squirrel suitability. Squirrels required a
minimum home range area of suitable habitat to provide enough resources. The two
factors were examined using 120 different model scenarios using three different distances
to link patches together and four different sized minimum home ranges at five year
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intervals between 1995 and 2015. They used the scenarios to demonstrate how changes
in forest management could reduce habitat fragmentation and potentially enhance
population viability.
Four sources of information are well-suited for a study using GIS. These data are
field surveys and observational studies, printed and digitized maps, remote sensing data
(numerical aerial photographs and satellite images) and maps obtained from GIS-based
modeling procedures (Guisan and Zimmerman, 2000). Field data include ground survey
measurements, including climate and site assessment data. Spatial data include geologic
data, soil units, and hydrologic data. Land use and vegetation maps can be derived from
aerial photography or satellite imagery. Quantitative data, literature values, qualitative
scientific information, and expert judgment can be used to create model parameters. As
with any modeling procedure, attention must be given to sources and effects of error on
the model. For example, some spatial data sets are not continuous or referenced, relative
to other spatial data of the area. When using multiple layers, errors become cumulative
but definable. The accuracy of the model depends strongly on how much error has
accumulated during the procedure and how much the error is recognized in the final
selection of suitable sites (Store and Kanagas, 2001).
The Hybrid-Deductive approach promises a good compromise between linear
modeling and GIS-based modeling using expert judgment to validate conflicting data on
habitat preference, identify and prioritize selection factors and determine the best
parameters for the model based on available data. GIS allows the user to integrate field
work and the experience of experts with computer mapping techniques for evaluating
habitat (Gerrard, et al., 2001). The method allows the user to assess relationships
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between factors and more clearly identify areas of knowledge conflict for further study
for the spotted turtle.
Habitat Concerns of the spotted turtle (Clemmys guttata)
It is important to understand how habitat types impact overall suitability and the
species’ natural history in order to create an appropriate species’ action plan. The habitat
needs of the spotted turtle can be placed in two data classes for model generation using
the hybrid-deductive approach. Store and Kanagas (2001) describe these as deterministic
and non-deterministic variables. Deterministic attributes have no random or probabilistic
aspects. For example, researchers have established that spotted turtles prefer soft
substrate soils for foraging, aestivation, and hiding from predators (Milam and Melvin,
2001; Joyal et al., 2001). These habitat attributes are directly defined in the environment
and are most easily represented as spatial layers in GIS. Nondeterministic attributes have
significant probabilistic aspects, including home range, landscape composition and
distance from roads. Many attributes are nondeterministic and have to be researched to
estimate an attribute value for conservation policy guidelines. Literature data and expert
opinion are valuable in determining these estimates.
The spotted turtle is a semi-aquatic species of turtle that exists in declining habitat
due to habitat loss and fragmentation (Milam and Melvin, 2001). They are endemic to
New York and along the Atlantic Coast with home ranges as far west as Ohio, as far
south as Florida and as far north as Quebec (Haxton and Berril, 2001). Spotted turtles do
not grow rapidly, have low hatching success and are highly vulnerable to anthropogenic
stresses, such as road construction and wetland-filling (Haxton and Berril, 2001). These
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stresses increase the mortality of adults and juveniles. Repeated significant losses of eggs
and hatchlings can lead to population decline (Litzgus and Brooks, 1998).
Many human activities, such as fences, curbs, railroad tracks and walls also act as
barriers to normal movement, fragment and isolate local populations. Isolated
populations cannot receive dispersing individuals from other populations, which is
necessary to maintain genetic diversity and sustain populations. Filling and plowing
wetlands fragment connected wetland complexes, threatening spotted turtles as well.
Since they nest in and move through open upland habitats (Haxton and Berril, 2001;
Milam and Melvin, 2001), they are also vulnerable to activities that occur in these
settings. Plowing, mowing, excavating and cultivation in agricultural fields can destroy
nests and turtles in the fields. Removal of forest canopy can degrade habitat quality of
seasonal pools by accelerating evapotranspiration rates. These pools act as important
food sources for spotted turtles and for breeding grounds.
Predators such as skunks and raccoons threaten spotted turtle populations by
attacking nests and adults (Ernst, 1976). These predators are attracted by garbage, food
and shelter, which are provided in and around areas of human development and
recreation. Greater presence of garbage indicates poorer habitat quality for spotted turtles
because of higher human-species interaction and predator attraction.
Turtles have important ecological roles as scavengers and omnivores. They are
an important link in ecosystems, providing dispersal mechanisms for plants, contributing
to environmental diversity, and fostering symbiotic associations with a diverse array of
organisms (Lovich, 2003). They have been observed to forage on aquatic plants, algae,
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adult and larval insects, crustaceans, snails, tadpoles, salamander eggs and larvae and
carrion (Ernst, 1976; US Fish and Wildlife, 1986).
This species prefers soft-bottom areas with aquatic vegetation (Haxton and Berril,
2001; Litzgus et al., 1999) and can be found in streams, ditches, vernal pools, swamps,
forested wetlands and seasonal pools (Milam and Melvin, 2001). This species has been
documented to use a wide variety of habitat, including isolated wetlands, wet meadows,
upland hardwood and deciduous forests (Litzgus and Brooks, 1998, DEC), and ditches
and culverts (Joyal et al., 2001; Litzgus and Mousseau, 2004). Wetlands provide habitat
for overwintering, mating, nesting, feeding, shelter, estivating and basking. Upland areas
provide habitat for nesting, migrating, shelter, aestivating and basking. Nesting
observations have occurred in open, non-forested habitat (Ernst, 1976; Milam and
Melvin, 2001; Litzgus and Brooks, 1998). They have also been observed in hummocks
in emergent wetlands (Milam and Melvin, 2001).
There have been several studies conducted to determine movement patterns and
home range of the spotted turtle in order to predict habitat preference and behavior in
response to habitat and environmental change. In a study of spotted turtles in southern
Maine, Joyal et al. (2001) found that spotted turtles traveled 70-570 m from nesting
habitat and were found between 1-120 m from the nearest wetland. During an active
season, spotted turtles will use many habitat types and shift between them frequently.
Joyal et al. (2001) observed spotted turtles using wetlands <0.4 ha in size. As a result,
spotted turtles may have to travel frequently and cover large distances during their active
season. Litzgus and Mousseau (2004) found that daily average distances (m/day) moved
by spotted turtles in Beidler Forest in South Carolina ranged from 7.13 + 0.28 (n=7)

24

(Winter) to 21.77 + 0.39 (n=8) (Spring) for males and from 2.33 + 0.07 (n=16) (Winter)
to 33.44 + 0.45 (n=20) (Late Summer) for females.
There is significant disagreement on certain habitat needs of the spotted turtle.
These conflicting needs include population and individual home range, effects of human
activities on suitability and effects of habitat composition on suitability. Litzgus and
Mousseau (2004) examined the habitat use, movements and home-range size of a
southeastern population of spotted turtles. Among eight studies on the habitat
requirements of spotted turtles reviewed for this research, Litzgus and Mousseau reported
that the home ranges varied between 0.53 ha and 19.06 ha for females and 0.53 ha and
5.15 ha for males. Litzgus and Mousseau also provide a good general discussion on
natural and anthropogenic disturbances in maintaining habitat diversity. The findings
suggest significant disagreement on spotted turtle movement, habitat requirements and
conservation efforts.
Some literature suggests general mixed effects of human activities on suitability
for overall species of an ecosystem, including reptiles and turtles. For example, Rossi
and Kuitunen (1996) found that the importance of human altered habitats for wildlife in
southern Finland, where urban pressures were higher, seemed to have been suitable
substitutes for herb-poor dry meadow habitats, for several human altered habitats had an
unexpectedly high preference by several species. Species preferring a type of meadow
began occupying industrial and urban habitats as secondary sites as the meadows became
less available. While this finding does not directly extend to turtles and amphibians,
because the spotted turtle is known to inhabit many types of land cover types, it suggests
that some species may adapt behaviors successfully in human habitats if they overlap
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with primary habitat. Several researchers suggest early-successional vegetation
communities are preferred by spotted turtles, whether they are naturally occurring or as a
result of human activities (Litzgus and Mousseau, 2004, Lovich, 2003). Research is
necessary to clarify the effects of ambiguous influences on habitat suitability and
conservation, including human activities.
Study Area
The proposed study area encompassed the counties of Monroe, Livingston,
Wayne, Orleans, Ontario and Genesee, New York, where there is little information on the
habitat preference of the spotted turtle (Figure 1). Wayne county and Livingston county
were ultimately omitted from the study because there was not enough digital data
available at the time of the initial analysis for the GIS portion of the study. It is expected
that more information will become available at a later data and the GIS model can be
expanded. Anecdotal reports and reported sightings of spotted turtles suggest that the
study area is part of their original population distribution range in New York State
(Breisch and Ozard, 2000). Additionally, these reports suggest the species is found in a
wide variety of habitats.
A habitat model at the county scale is large enough to detect edge effects and area
sensitivity that affect wildlife populations within a landscape (Larson et al., 2003). There
are a wide variety of habitats in this area, most notably emergent wetlands, wooded
wetlands, agriculture, meadows, transportation and residential areas. Studying multiple
counties allows conservation and land use planning efforts to be considered at a regional
scale.
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Figure 1: Final study area including Monroe, Genesee, Orleans, and Ontario Counties,
New York. Total land area of the study site is 5,667 km2.
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Methods
The purpose of the model is to generate a GIS-based suitability index for the
species. Habitat requirements are not simple, individual pieces, but rather parts of a
functioning, dynamic environment. Parameters representing habitat requirements
(Appendix 1) are generated for a GIS-model using literature review and expert judgments
derived from survey responses (Appendix 2).
Expert Survey
Though literature data are useful for developing a basic model, expert judgments
can refine parameters and validate scientific findings for habitat selection factors by
providing limits to the parameters and levels of certainty based on consensus. The
purpose of this data collection is to include multiple perspectives and sources of
information and to determine data that reflect these perspectives and validate the
information.
Surveys were prepared for the research to cover a broad range of topics, based on a
set of broad criteria from the literature. The survey was composed of fifty questions,
including pair-wise comparisons, short answer questions and open-ended questions (see
Appendix 2). In direct ranking questions, participants were asked to rank factors from
highest to lowest importance, with the highest number indicating greatest importance and
the lowest number indicating lowest importance. The questions were designed to
determine and verify the participants’ knowledge on spotted turtle habitat preference,
habitat parameter prioritization, constraint values and information on life processes.
These data would also be used to streamline future data solicitation and identify gaps in
habitat preference knowledge.
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Twelve persons were solicited for their participation in the survey. The experts
consulted included leading spotted turtle biologists, wildlife-management- and land-usemanagement-professionals. They were encouraged to share this survey with other
colleagues knowledgeable about the species and have them complete the survey as well.
These surveys were mailed and sent electronically.
Statistical Analysis of Survey Data
The Jackknife method was used for pair-wise comparison responses due to the
small potential pool of survey respondents (12 surveys were mailed out). The Jackknife
method is a statistical procedure in which estimates are formed of a parameter based on a
set of N observations by deleting each observation in turn to obtain N estimates based on
N-1 observations (Wu, 1986). Combinations of these give estimates of both bias and
variance which are valid under a wide range of distributions. Because of the small
sample size of responses and lack of distributional assumptions, this method provided the
most reliable estimate of a sampling distribution for values of a statistic (i.e., weight
factors, importance values) under the circumstances.
Sample variance of pair-wise comparison responses was used to assess consensus
among participants. Qualitative data and short answer data were recorded and transferred
to an Excel spreadsheet. These were used to account for biases in data, evaluate
participant consensus and use as parameters for site evaluation.
Factor weights derived from survey results and literature review values were used
as parameters for the GIS model and to assess the relative importance of habitat factors
on habitat preference. For the GIS model, the weights derived from question 25 were
used for the compositional selection process. However, because the land cover classes in
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the expert survey did not exactly match the land cover classes of the digital 1992 Land
Use Land Cover (LULC) file, the weights were combined for classes that could not be
distinguished in the LULC land cover classes. The weight factor values are multiplied by
the Percent_Area for each new land cover class for each site. These values are summed
for each site and represent a suitability index number based on land cover composition,
ranging from 1.0-33.0 (see Appendices 3 and 4). These suitability index numbers are on
habitat composition, but not by proximity to specific habitat features, such as human
development or surface water bodies.
Factor Weight Development
Expert Choice was used to analyze and interpret survey participant responses to
pair-wise comparison questions and estimate values for weight factors for the parameters
and layers in the GIS model. The response analysis is based on the Analytical Hierarchy
process (AHP). AHP is a multi-attribute modeling methodology for comparing and
selecting different alternatives and criteria. A multi-attribute decision problem can be
understood as a decision tree where each level of the hierarchy involves different types of
criteria. The decision problem is usually how to compare the relative importance of the
criteria in a systematic and quantitative fashion. The objective is to determine nonnegative weights of the criterion from 0.0-1.0, with the values for each set of criteria
summing up to 1.0. These weights are determined by comparing the importance of a
factor to other factors systematically using a ratio scale. For example, a participant may
indicate one factor is 2 times more important than another factor (2/1), or 3 times less
important than another factor (1/3). By reducing complex decisions to a series of one-to-
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one comparisons, then compiling the results, AHP provides decision makers with the
“best” solution based on input and a clear reasoning for the solution.
In this research, AHP was used to determine weights representing the relative
importance of habitat factors based on survey responses. The derived weight factors help
prioritize factors in suitability assessment for the species and provide values for land
cover analysis and constraints in the GIS model. Habitat concerns of the spotted turtle
were categorized into major variables and sub factors in a hierarchal distribution for AHP
analysis (see Appendix 1). Data were entered into an Excel spreadsheet for comparison
and analysis (see Appendix 3). Weights and constraint values were derived from these
data for the GIS model.
GIS Model and Data collection
ArcGIS 9.1 software was used in this project (ESRI, 2006). The first step in the
modeling process was identifying factors for selecting the initial turtle sites and collecting
the data for the GIS model (see Appendix 1). The constraints in the GIS model served to
limit areas within the study under consideration. Here, the constraints for seed sites were
wetlands and organic soils. Figure 2 shows a portion of the study area by Lake Ontario
with organic soils (greater than 50% organic matter). Figure 3 shows the DEC wetland
polygons in the same area. Figure 4 shows the area where the polygons of Figure 2 and
Figure 3 overlap (seed sites) for the given area. Figure 5 shows the 1,091 seeds sites
identified using this procedure over the study area.
Potential sites for investigation were generated by using an iterative Boolean
overlay procedure. The first iteration is based on sites meeting minimum habitat
composition requirements (wetlands and muck soils). The second iteration is based on
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Figure 2: Organic Soils in the Parma/Greece area of Monroe County, NY.
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Figure 3: DEC wetland boundaries overlaying organic soils in the Parma/Greece area of
Monroe County, NY.
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Figure 4: Seed site area showing the intersection of DEC wetland boundaries with
organic soils in the Parma/Greece area of Monroe County, NY.
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Figure 5: Initial GIS model seed sites (1091) in the four county study area, selected
based on the intersection of DEC wetland boundaries and organic soils.
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their land use suitability based on factor weights derived from AHP and a 1992 LULC
raster land cover shape file of New York State was imported into the ArcGIS database,
clipped with the outline of the study sites based on county boundary shape files, and the
new image converted into a vector image for easier processing and compatibility in
ArcGIS.. The third iteration is determined by site proximity to significant human
pressures and habitat needs, roads and streams, respectively. The validity of the sites is
determined by comparing them to orthographic imagery and using field verification on
selected sites. This iteration process will gradually reduce the number of sites for
analysis, thereby selecting the “best” sites.
Modifying the Second Iteration – AHP Factor weights
Factor weights were used as parameter modifiers for the GIS model and to assess
the relative importance of habitat factors on habitat preference. For the GIS model, the
weights derived from question 25 of the expert survey were used for the habitat
composition selection process. However, because the expert survey land cover classes
did not match the land cover classes of the LULC file, the weights were combined where
appropriate.
Two sets of buffers were created around the first iteration seed sites to represent
the minimum home range of a potential spotted turtle population based on survey
responses. The buffers were run using the perimeters of the polygons as a reference. The
buffers were made with meter representations of a radius corresponding to the prescribed
home ranges. Using the geometric formula for the area of a circle, the radius of the
buffers for a 20 ha area and 30 ha area were 255 m and 310 m. Figure 6 shows an
example of the buffers created around a site. Home range layer addition was used to
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select LULC polygons within the boundary of the home range and compare land cover
composition of the sites. Figure 7 shows home range polygons overlaid on a portion of
the LULC file in the study area for extraction.
Sites were then excluded based on a comparison of LULC composition to
composition values suggested by survey responses and adjusted to account for overlap
and error of land cover classes. After combining the LULC with DEC wetlands and
soils, wetland differences were reconciled by extending the margin of land cover
composition values of the LULC file to account for land cover overlap. Figure 8 shows
the buffer polygons in Figure 6 with the expert survey land cover classes extracted.
Figure 9 shows the home range polygons selected in the study area that met the land
cover composition criteria.
Third Iteration -Road and Hydrologic Proximity Constraints
Question 34 of the survey asked participants to indicate the maximum distance
spotted turtles could travel from water. Responses ranged from 30 meters to 500 meters.
Question 47 of the survey asked participants to indicate suggested buffer areas of habitat.
Three buffers were run around the hydrography shape files for the study area at 30
meters, 300 meters and 500 meters. Three buffers were run around the roads shape file
for the study area at 100 meters, 500 meters and 1000 meters. Sites from the previous
iteration of habitat composition were removed if they intersected with the road buffers
and highlighted when within distance of a hydrological feature, such as a stream. Figure
10 shows an example of two sites whose home range polygons did not intersect with the
100 meter road buffer in a part of the study area, leaving them to become final sites in the
GIS model analysis.
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Figure 6: Example of a seed site with buffers of 255 meter (representing a 20-ha home
range) and 310 meter (representing a 30-ha home range).
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Figure 7: LULC file land cover classifications in the Parma/Greece area of Monroe
County, NY with home range buffers displayed. Intersecting the buffers with
the LULC layer extracted land cover information for the seed site areas, used to
evaluate sites in the second iteration of the GIS model using survey data.
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Figure 8: Example of a seed site with LULC data classifications modified as determined
by AHP and the expert survey data.
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Figure 9: Points of seed sites selected during the second iteration (LULC criteria). 54
sites remain using the 20-ha home range, and 50 sites remain using the 30-ha
home range. 40 seed sites are common to both home ranges and are
overlapping (see Appendix 4).
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Figure 10: Example of the third iteration process using intersection of seed site home
ranges with road buffers as an exclusion factor. Using a 100 meter buffer
around the roads in the study area, only four seed sites remain from the 20-ha
home range subset from the second model iteration, and only three sites
remain from the 30-ha home range subset. No seed sites remained after a 500
meter and a 1000 meter buffer was applied to the roads. Site 635 in the
illustration displays both its 20 and the 30 ha home ranges (outlines
highlighted in cyan), and site 637 shows its 20-ha home range (outlines
highlighted in cyan). Several other seed sites that overlap with sites 635 and
637 are also shown, but these were ultimately excluded in the third iteration
because the estimated 20-ha and 30-ha home ranges intersected with the 100
meter road buffers.
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Model Verification
Habitat assessment requires field investigation to confirm the habitat and
constricting factors identified by the model. Due to time, seasonal, and legal
constrictions, field assessments of the seed sites and model parameters were limited to a
comparison of orthographic photography to digital imagery. DOQQs were used to verify
land cover composition by overlaying the images on selected sites of the iterations. This
verification also included sites that failed meet land cover composition and feature
proximity. Imagery, such as aerial photography and LANDSAT images, allows the user
to compare the results of the raster selection process with current land cover conditions.
This comparison helps to evaluate the accuracy of the site selection at large
spatial scales, check for temporal changes between the 1992 LULC data and current
imagery, and predict potential future land cover changes. Orthographic photographs
were obtained at the New York State GIS Clearinghouse (NYSGIS 2006). Images used
for the comparison were at taken in 2002 and have a ground resolution of 1-3 feet,
depending on their proximity to a developed area. Model results (predicted turtle sites)
were compared to locations of historic sightings of the spotted turtle in the four county
study area. A point file was created, using the descriptive records, scanned topographic
maps, and roads to approximately locate historic population sites. ArcGIS was also used
to measure the distance between model results and the nearest historic location to help
verify the model iterations.
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Results and Discussion
Before the site selection process began, several assumptions about the data layers
and data collection had to be clarified.
1. The data collection and model are assumed to focus on adult spotted turtle needs.
These needs include procreation and population viability. When these needs are
met, the needs of juveniles will be met as well.
2. Based on literature review, spotted turtles require soils with high organic content
within wetlands to carry out fundamental life processes. These areas are
necessary for basic site selection and analysis.
3. The 1992 New York State Land Use/Land Cover (LULC) data file is assumed to
represent general habitat types of the study area. More specific types of habitat
are identified during ground surveillance. However, the bias and error of the
LULC file is not known for the study area. The biases must be identified and
habitat selection parameters adjusted accordingly. The LULC biases within the
selected sites were minimized to the highest extent, by correlating the LULC data
with other types of land cover data, such as NY DEC wetland polygons,
SSURGO soils, and hydrology. Aerial photos were then checked to help verify
site selections.
4. The overall suitability of a site is based on habitat composition, proximity to
specific spatial factors, and connectivity between sites and ultimately from
information derived from ground surveying.
5. The buffer around organic soils in wetlands is assumed to represent the home
range of a viable population of spotted turtles. The buffer is circular, assuming
life processes center around wetlands with organic soils.

Expert Survey Results and GIS Weight Derivation
The number of participants responding to the expert survey varied from question
to question. Respondent sample sizes ranged from n=2 to n=5. Because of the small
sample size of survey respondents, statistical analysis was limited. Of the original twelve
participants, three returned their surveys and two colleagues with related experience
completed the survey as well.
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Based on the survey responses, there appears to be a large degree of agreement on
general parameters and greater uncertainty regarding the specific habitat needs of the
spotted turtle. Participants strongly agreed that water presence, soft-to-medium hardness
soils with low silt components and high organic matter, and a large amount of open area
cover were necessary for suitable habitat. Conversely, they agreed that a high presence
of forest would be detrimental to suitability because of reduced open area, yet forests
were deemed necessary for some life functions. The participants generally agreed that
human activities had highly negative impacts on spotted turtles, but the variance among
their responses was high. Participants also expressed a concern about needing to
incorporate connectivity and barriers to movement within the habitat model. Because of
the small sample size, responses were analyzed using simple statistical methods.
(1) Please rank the importance of each habitat parameter from ranges from 1-5, where 1
is of least importance and 5 is of highest importance. You may use these numbers
more than once to indicate factors of equal importance.
Habitat Factors
Aquatic Habitat
Terrestrial Habitat
Geology
Climate
Human

Sample Size Mean
Min
Max
Rank
5
5
5
5
5
5
2.8
1
4
2.8
5
2.6
1
5
2.6
5
3.4
2
5
3.4
5
2.6
2
3
2.6

(3) Please compare the relative importance of these factors using the pair-wise
comparison provided.
Habitat Factors
Aquatic Habitat
Terrestrial Habitat
Geology
Climate
Human

Sample Size Combined Min
Max
Variance
5
0.361
0.366
0.406
5.18
5
0.151
0.129
0.178
15.96
5
0.125
0.096
0.151
22.27
5
0.1
0.078
0.117
20.00
5
0.239
0.219
0.254
7.40
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Questions 1 and 3 asked the participants to rank five large classes of habitat
factors. In both questions, aquatic habitat was the highest ranking factor class.
Otherwise, the rankings disagree with each other. Human Pressures and Geology were
the lowest ranked factors in question 1, but Human Pressures was the second highest
ranking factor with the second smallest variation in question 3. Here, there is a clear
difference between direct, prescribed importance values and values coming from
comparison. Participants may recognize the impact of certain factor classes in overall
suitability, but may believe the factor is of different significance in application and
process. Other factors they suggested included predators, presence of food, nesting
habitat and connectivity.
(4) Please rate the following factors from 1-5, where 1 is least importance to consider
and 5 is highest importance to consider when assessing habitat for this species.
Sub factors
Water (Physical)
Water Quality
Multiple Habitats
Landscape
Complexity
Vegetation
Soil Texture
Soil Composition
Slope
Temperature
Precipitation
Elevation
Human Activities

Sample Size Mean
Min
Max
Rank
5
4.4
3
5
4.4
5
3.8
3
5
3.8
5
3.4
2
5
3.4
5
5
5
5
5
5
5
5
5

3.8
3.4
2.4
2.8
1.6
2
2.4
2.2
4
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1
3
1
2
1
1
1
1
1

5
4
4
4
4
3
5
4
5

3.8
3.4
2.4
2.8
1.6
2
2.4
2.2
4

(5) Please rank the relative importance of the following sub-factors using the pair-wise
comparison provided.
Sub-factors
Water (Physical)
Water Quality
Multiple Habitats
Landscape
Complexity
Vegetation
Soil Texture
Soil Composition
Slope
Temperature
Precipitation
Elevation
Human Activities

Sample Size Combined Min
Max
Variance
5
0.149
0.14
0.153
4.44
5
0.11
0.097
0.131
14.91
5
0.093
0.076
0.108
17.39
5
5
5
5
5
5
5
5
5

0.118
0.086
0.054
0.056
0.049
0.057
0.057
0.05
0.177

0.097
0.071
0.042
0.045
0.043
0.047
0.047
0.036
0.16

0.153
0.1
0.058
0.065
0.053
0.072
0.072
0.059
0.221

22.40
16.96
16.00
18.18
10.42
21.01
21.01
24.21
16.01

In questions 4 and 5, the participants were asked to rank specific factors relevant
to spotted turtle habitat preference. These factors are classified under the larger classes in
questions 1 and 3. In question 4, Water Physical is ranked the highest, while it is
considered the second highest in question 5 with the least variation (n=5, 4.44). Human
activities are ranked the highest in both questions, and shows low to moderate relative
variation (n=5, 16.01). Elevation and Slope are in the lowest ranking classes, with Slope
having the least importance and the second lowest variation (n=5, 10.42) but with
Elevation having the highest variation (n=5, 24.21). While most of the factors had high
variance, participants showed a greater consensus (smaller variance) on the importance of
the presence of aquatic habitat and the lack of importance that slope bears on habitat
selection. A higher variance suggests that participants had greater differences of opinion
on the subject.

47

(15) What percentage composition of clay, sand and silt in the substrate does this species
prefer under optimal conditions?
Soil Composition
Clay
Sand
Silt

Sample size

Mean
4 37.0-40.0
4 47.0-52.0
4 12.0-15.0

Min Max
10
60
30
90
10
20

Question 15 asked the participants to select best soil substrate composition for the
spotted turtle. One participant suggested that the species could exist on all soil types
other than in pure clay. The other four participants gave substrate compositions using
clay, sand and silt. Despite disagreements on sand and clay compositions, the
participants agreed that the substrate required a low silt component (n=4, 12.0-15.0%).
These responses would suggest that spotted turtles prefer sandy loams, sandy clay loams
and sand clays. This finding shows promise for refining specific seed sites in future
analyses. The soil components of this question do not directly focus on organic or
inorganic content, but the basic mineral composition of the soils.
(16) Please rate the relative importance of different levels of organic matter in soils for
this species using the pair-wise comparison provided.
Organic Matter
0-25
25-50
50-greater

Sample Size Combined Min
Max
Variance
4
0.111
0.099
0.122
10.41
4
0.243
0.242
0.246
0.082
4
0.646
0.63
0.655
1.96

Question 16 asked the participant to compare organic matter content in soils using
a pair-wise comparison. The responses were to confirm the assumption about the need
for mucky soils. Soils with high organic matter (although not dominated by organic
matter in terms of percent composition) were indeed considered of greater importance to
the spotted turtle.
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(20) What is the minimum home range required for an individual of this species?
Participant
1
2
3
4

Recommended Home Range
10 ha
6 ha
10 ha
0.014 ha

(21) What is the minimum home range required for a viable population of this species?
Participant
1
2
3
4

Recommended Home Range
20 ha
30 ha
30 ha
1.5 ha

In question 20, the participants were asked to estimate the minimum home range
necessary to support an individual spotted turtle. Responses ranged from 0.1-5.0 ha
(n=4). Question 21 asked the participants what was the minimum home range required
for a sustainable population of spotted turtles. Responses ranged from 0.5-30 ha (n=4).
Two participants indicated that spotted turtles could live within small, isolated home
ranges, while the other two participants indicated that because of habitat fragmentation
and separation, spotted turtles had to travel farther and more frequently to fulfill life
processes.
(24) The following habitat types have been found to be used by the spotted turtle. Please
rank the importance of these areas from 1-5, where 1 is the least important and 5 is
critically important. You may use the numbers more than once.
Habitat Type
Upland Forest
Wetlands
Meadows
Still water
Running Water
Transitional Area

Sample Size Mean
Min
Max
Rank
5
2
1
4
2
5
4.9
4
5
4.9
5
2.4
1
4
2.4
5
4
2
5
4
5
2.4
1
4
2.4
5
3.9
3
5
3.9
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(25) Please rank the relative importance of the following habitat types using the pairwise comparison provided.
Habitat Type
Upland Forest
Wetlands
Meadows
Still water
Running Water
Transitional Area

Sample Size Combined Min
Max
Variance
5
0.076
0.062
0.085
15.65
5
0.311
0.292
0.327
5.65
5
0.117
0.093
0.139
19.83
5
0.222
0.178
0.292
24.26
5
0.084
0.065
0.107
24.42
5
0.19
0.156
0.233
19.79

Questions 24 and 25 were used to create weight factors and land cover
composition constraints. Participants agreed that the most important habitat was Wetland
(variance, 5.65). Participants agreed that Upland Forests were the least important habitat
(variance, 15.65), but may have used this category to include habitat types such as vernal
pools, which are critical to spotted turtle life cycles. Two participants specified that
wetland edge habitat and sun-exposed sandy areas should have been included in the
analysis. Though Upland Forests was ranked low in both questions, the lower variance
suggests strong agreement that the importance of the land cover type is low. Two
participants specified that Upland Forests had a low rating because of the negative impact
on basking and open-area related activities due to canopy cover. The participants did not
seem certain of the next ranking of the next-most important habitat.
(26) Please indicate the percentage composition of the following land cover classes for
optimal habitat.
Habitat Composition%
Upland Forest
Wetlands
Meadows
Still water
Running Water
Transitional Area
Other (shrub)

Sample Size Mean Min
Max
5
14
5
30
5
43
30
60
5
6
5
15
5
18
0
40
5
3
0
5
5
15
0
30
5
1
0
5
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Question 26 asked the participants to suggest a land cover composition that would
best support a spotted turtle population. Each participant suggested a different
composition. While the percent composition values do not correspond to specific
literature values, the results do reflect the importance of these habitat types for the
spotted turtle as identified in the literature. Wetlands are central and primary to the life
processes of the species. Upland forests, still water and transitional areas have been
described as necessary or corresponding to strong habitat suitability for the species
(Haxton and Berril, 2001, Joyal et al., 2001, Lovich, 2003). The average values of the
suggested compositions support many of the preference values in question 25. However,
participants gave Upland Forests the lowest rank in question 25, but suggested
composition values for this class at levels much higher than anticipated. Again, it is
important to recognize that these land cover classes are not mutually exclusive. Wetlands
can demonstrate characteristics of upland forests and meadows for example. The user
can use these data as weight factors for the GIS analysis by assigning the values to pixels
representing the land cover classes within the site and summing the values for the pixels
to get a suitability value based on land cover composition.
(29) Please rank the relative importance of different numbers of habitat present using the
pair-wise comparison provided.
Land. Complexity Sample Size Combined Min
Max
Variance
1
4
0.068
0.056
0.076
15.15
2
4
0.158
0.127
0.179
16.99
3
4
0.261
0.231
0.294
12.00
4
4
0.236
0.225
0.251
5.46
5
4
0.148
0.122
0.176
18.12
6
4
0.13
0.097
0.156
23.32
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In question 29, the participants were asked to rank the number of habitat types in
an area that would best support a population of spotted turtles. Number of habitats
ranged from 1-6. The responses suggested that greater habitat diversity would benefit
spotted turtles, but only to a point. After a certain number of habitats were present, the
number of habitats was insignificant. Participants ranked 3 and 4 the highest (0.261 and
0.236, respectively). The high level of variance among the responses, however, suggests
a high degree of uncertainty among the participants. The exception here is for “4”, with a
low variance of 5.46. This would suggest that four habitat types in the area of the
appropriate type would create an optimal support system for a population, which
following from question 24 would consist of Wetlands, Transitional Areas, Still Waters,
and Meadows or Running Water.
(34) What is the maximum distance from water for this species?
Participant
2
3
4

Suggested Buffer
30 m
500 m
300 m

Question 34 asked the participants what was the maximum distance that spotted
turtles could travel between water bodies. Participants (n=3) suggested that they could
travel between 30-500 m over land. These values were used in the hydrologic buffer
analysis. This question also helps establish connectivity parameters for future studies.
(44) Please rate these activities from 1 is ‘very helpful’ to this species, 3 is ‘mixed effect’,
and 5 is ‘very harmful.’
Human Activities
Commercial
Industrial
Residential
Roads
Agriculture

Sample Size Mean
Min
Max
5
4.4
4
5
5
4.4
4
5
5
4.2
3
5
5
4.6
4
5
5
3.8
3
5
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(45) For activities that receive a rank of 1, 2 or 3, please explain the specific effects of
the activity on this species. For example, if “Roads” was ranked 3, please explain
the positive and negative effects of this human activity.
(46) Please rank the relative impact of the following human activities using the pair-wise
comparison provided.
Human Activities
Commercial
Industrial
Residential
Roads
Agriculture

Sample Size Combined Min
Max
Variance
4
0.14
0.107
0.18
25.44
4
0.161
0.14
0.177
11.67
4
0.182
0.168
0.21
11.11
4
0.349
0.295
0.398
14.86
4
0.167
0.148
0.203
15.67

Questions 44-46 ask the participants to rank and discuss the effects of human
activities on habitat suitability. Question 44 asks the participant to indicate how harmful
or helpful certain activities are to the spotted turtle. The mean value presented in
question 44 represent the average ranking according to the five participant responses.
Roads were considered significantly harmful (4.6), followed by Commercial and
Industrial activities (4.4), Residential (4.2), and Agriculture (3.8).
In question 45, two participants agreed that agriculture had mixed effects as
potential upland habitat for the species in less heavily farmed areas, such as orchards, and
more harmful impact in areas with frequent plowing. Two participants agreed that
residential areas had mixed effects, with grass lawns and backyards in less populated
areas being more protected from predators, but with higher impact from roads, pets and
human encroachment in more heavily populated areas.
Question 46 asked the participants to compare the relative impact of these
activities. The participant responses agreed with their response in question 44 that roads
had the most impact on the species than the other human activities, but had a moderate
variation (n=4, 14.84). Residential was the second-most impacting activity with the
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lowest variation (n=4, 11.11), followed by Agriculture (n=4, 15.67), Industrial (n=4,
11.67), and Commercial with the highest variation (n=4, 25.44). These data suggest a
high degree of uncertainty in the impact of human activities, although participants
strongly feel the impacts are negative.
(47) A minimum distance from areas of human activity may be necessary to delineate
areas of conservation priority. Please indicate the minimum distance from areas of
these activities necessary for optimal habitat conditions for the spotted turtle (in
meters).
Activity Buffer
Commercial
Industrial
Residential
Roads
Agriculture

Sample Size
3
3
3
3
3

Min
Max
100
2000
100
2000
100
2000
100
1000
100
1000

Question 47 asked the participants to suggest buffers around these human
activities. The buffer for roads was used directly in the GIS analysis in the selection of
suitable habitat.
(48) Please rank the importance of these sources of information in shaping your
responses to the survey using the pair-wise comparison provided.
Information
Source
Direct study
Related Research
Direct Exchange
Unpublished Data

Sample Size Combined Min
Max
4
0.367
0.314
0.463
4
0.132
0.107
0.151
4
0.277
0.218
0.294
4
0.225
0.193
0.266

Direct study was the primary contribution to the knowledge of the participants on
the spotted turtle and its habitat (n=4, 0.367). It is interesting to note that while it
contributed more than the other individual information sources, the combination of the
other sources contributed most of their information. Direct exchange was the secondhighest ranking (n=4, 0.277), suggesting a high degree of information sharing between
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associates. Unpublished data (n=4, 0.255) was third-ranked. Unless the studies are
overlapping, there is less guarantee of autonomy of spotted turtle research apart from
empirical evidence. These rankings are probably due to the relatively small and new
field of research into this species. Related research was ranked least (n=4, 0.132), but it
does not mean the source is not valid. By studying related species, such as the Bog
Turtle and Blanding’s Turtle, researchers are able to make comparisons between species
and create hypotheses for testing spotted turtle habitat requirements as was done in this
research project to some extent.
Several questions had few (1-2) or no responses, but will help to hone questions
for future research and data solicitation. The questions with no responses were questions
9, 10, 12, 41 and 43. Questions with few participant responses were questions 7, 17, 19,
38, 39, 40 and 45 (Appendix 3).
The lack of response may reflect the lack of knowledge and certainty in the
subject matter on particular parameters. Several questions did not receive responses due
to misunderstanding or lack of knowledge (questions 7, 9, 17, 19, 38, 39, and 40). Most
likely the questions were too specific under dynamic environmental conditions.
Participants also indicated they were confused by the use of the word “optimal” in
questions 12, 39, 41, and 43 and were not certain how to answer.
GIS Model Results
The first GIS model iteration identified 1,091 potential sites for turtle habitat,
totaling 81.037 square-kilometers (Figure 5). This represents 1.43% of the total study
area. These seed sites were created using highly-organic soils (containing 50% or greater
organic material) in wetland complexes as the focal areas. The second model iteration,
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based on LULC parameters, pared down the first iteration results to 53 suitable sites
using a 20-ha home range and 50 sites using a 30-ha home range (Figure 9). Forty of
these sites were common to both sets. Following the third iteration (buffers), all sites
were within 300 m of a hydrological feature. Four sites remained from the 20-ha home
range set and three sites remained from the 30-ha home range set using the 100 meter
buffer of roads as an excluding factor, with three sites in common (Figure 11). At a 500
meter road buffer, there were no sites remaining. Sites remaining after the third iteration
of site removal, based on proximity to road and stream buffers, were considered the
“best” sites and were checked against 2002 Digital Orthophotography (DOQQs). These
final four sites can be considered the best potential sites for spotted turtle reintroduction,
based on model parameters only, but additional field measurements and observations are
necessary to verify the results.
First Iteration – Defining Seed Sites
The first part of the model involved identifying the central areas of the analysis
based on strong constraints, or “seed sites”. These seed sides represent areas of intrinsic
value to spotted turtles from which further analysis can be conducted. From the
literature, wetlands are central to the life processes of spotted turtles. Spotted turtles have
also been observed to use soft substrates in wetland areas for aestivation, burrowing,
foraging, and hiding from predators. Because of the high importance of these two habitat
conditions, wetland areas with soft substrate soils were chosen as seed sites (Figure 5).
Soft substrate soils were defined as having 50% or greater organic matter for selection
from the available digital soils database because the texture and water-retention
properties of high-organic soils most closely matched “soft-substrate soils”.
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Figure 11: Best Sites as determined by road buffer constraint. Using a 100 meter buffer
around roads as an exclusion factor, four sites remain in the 20-ha home range
set, and three sites remain in the 30-ha home range set. No sites were
available at 500 meter and 1000 meter buffers. Sites 139, 635, and 637contain
both home ranges, and site 342 contains only the 20-ha home range.
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A vector shape file of Natural Resource Conservation Service (NRCS) SSURGO
county soils data of the study area was brought into ArcGIS. Soil types with greater than
50% organic matter were selected and exported to a new shape file. Literature data
consistently indicate spotted turtle preference of soft-bottomed, mucky soils (Graves and
Anderson, 1987; Breisch and Ozard, 2000; Haxton and Berril, 2001; Lovich, 2003),
which indicate a higher level of organic matter than inorganic matter. Within the
SSURGO database, soils with 50% and higher organic content values most closely
represented these soils. The counties of Livingston and Wayne were excluded from the
study area at this point because of lack of available digital soils data.
The second constraint for selecting seed sites in the first iteration was wetland
locations. Polygon shape files of DEC wetlands for the study area were then added to the
database. The organic soils file was then intersected with the wetland shape files to
create the polygon file of seed sites using a Boolean overlay. This represented all areas
in the study area that contained both highly organic soils and wetlands.
However, these areas did exactly not correspond with what the LULC file
indicated were wetlands. The DEC wetland file was intersected with the LULC file to
compare how effectively the LULC file reported wetlands, summarized in Table 1.
Table 1: Biases of LULC data in DEC Wetlands
Percent Land Cover in DEC Wetlands
58%
17%
13%
6%
3%
0.2%
2.8%

Land Cover Type
Total forest
Pasture/hay
Total wetlands
Row Crops
Water
Urban grasses
Other
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Only 13% of the wetland area according to the LULC file is actually classified as
wetland in the seed site areas. More than half the wetland areas within the DEC wetland
delineations in the LULC files are classified as a type of forest, and nearly one-fifth are
classified as pasture and hay. In the LULC file, there are significant errors present
because of the similar spectral signatures between meadows and hay, forested wetlands
and forests, and wet transitional areas and wetlands/wet meadows in the Landsat imagery
used to create the LULC file. Differences between the 1992 LULC image and the DEC
wetlands are reconciled by understanding the biases and adjusting habitat composition
parameter values to incorporate the bias. The adjusted values of the habitat composition
values, explained in the next section, were an attempt to compensate for the bias, but
future research efforts will require further adjustment factors for the values if greater
detail in land cover is desired.
The land cover class file does not distinguish upland forest areas from forested
wetland areas. The file also does not distinguish pasture and hay areas from drier types
of wetland or transitional areas. Surface water is significantly underrepresented as well.
The land cover file is a “snapshot” of the area at a given time; this would not account for
seasonal water changes, which could significantly affect the imagery used to create the
LULC file. Human land cover classes remain almost entirely absent from wetlands
defined by the DEC wetland file. This is significant as a form of verification for wetland
presence and a potential indicator of threat or lack of habitat suitability for the analysis.
Second Iteration – Applying LULC Habitat Constraints
To gauge the spatial context of the seed sites, factors around the seed sites were
included in the GIS analysis. These factors include land cover composition, area of the
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site, proximity from human activities, other sites, and hydrologic features. The spatial
context of the seed sites was based on home ranges for sustainable populations of spotted
turtles from survey responses.
Based on expert survey responses, home range for a sustainable population ranged
from 1.5 ha to 30 ha. 20 ha and 30 ha were chosen from the survey results to observe the
effects of changing the habitat composition around the seed sites based on different home
range values. Different home range values can be used to test the sensitivity of land
cover composition over varied areas. Average home ranges of individual spotted turtles
have been found from and average 0.53 ha per individual (Ernst, 1976) in Pennsylvania,
to 3.5 ha per individual (Milam and Melvin, 2001) to 19.06 for females and 5.15 for
males (Litzgus and Mousseau, 2004). Literature data include home ranges for individual
spotted turtles, but not for populations of spotted turtles.
The habitat types discussed in the literature and the survey were significantly
different than the land cover classes available in the LULC file. For example, the water
polygons do not distinguish between moving and non-moving bodies of water.
Moreover, the question did not include human land cover classes as part of the landscape
composition. Therefore, the original twelve land cover classes found in the seed site
polygons from the 1992 LULC image were reclassified into six generalized land cover
classes referenced in the survey and a new field was created in the GIS file called New
Code (Table 2).
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Table 2: New land cover classes. Suitable habitat types are defined differently than the
land cover types of the 1992 LULC file.
LULC Classes

New Classes

11 - Water

Still Water+ Running Water

1

21 - Low Intensity Residential
22 - High Intensity Residential
23 - Industrial and Transportation
32 - Gravel and Barren
85 - Urban Grasses

Human

2385

41 - Coniferous Forest
42 - Deciduous Forest
43 - Mixed Forest

Forest

4

91 - Wooded Wetlands
92 - Emergent Wetlands

Wetland

9

81 - Hay and Pasture

Meadow+ Transitional

81

82 - Row Crops

Agriculture

82

New Code

The new codes for the new classes are based on the LULC land cover codes. ‘1’
represents code 11 for water. ‘2385’ represented the land cover classes of low-intensity
residential (21), high-intensity residential (22), industrial areas and transportation (23),
gravel and barren areas (32), and urban grass areas (85). ‘4’ represented coniferous (41),
deciduous (42), and mixed forests (43). ‘9’ represented wooded (91) and emergent (92)
wetlands. Meadow and Transitional expert survey classes were most closely represented
by Hay and Pasture (81), and Agriculture was best represented by Row Crops (82).
For each buffer land cover file, data were extracted using the Summarize function
in ArcGIS based on the field New Code. For each New Code class, the sum of the
Percent_Area, the code number and the area of the buffer to which the polygons belonged
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to were summarized and extracted to database files for each new class code. The files for
each buffer land cover database were copied into an Excel Spreadsheet to create a file
that had information on all land cover classes for the sites in the analysis.
Each participant suggested different landscape compositions, which were
averaged over the five participants (Table 3). The suggested land cover compositions
were further modified to better reflect the biases and land cover overlap of the 1992
LULC and expert judgment on preference. The new land cover composition parameters
ultimately used in the GIS model are listed in Table 4. The significant biases in the 1992
land cover data set and the modification rational for the land cover minimum and
maximum percentages are discussed in detail in the next section. Primary sites were
selected based on meeting the suggested land cover constraints. The data for the sites
were sorted according to New Code and each site that did not meet the criteria set forth in
Table 4 for each land cover code was highlighted. Areas that had no highlighted features
were copied into separate Excel files. Using a 20-ha home range, 53 sites were selected
using this method. Using a 30-ha home range, 50 sites were selected using this method.
Forty sites were common to both selection processes.
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Table 3: Percent composition values suggested by participants for expert survey land cover
classes.

Habitat Composition%
Upland Forest
Wetlands
Meadows
Still water
Running Water
Transitional Area
Other

Sample
Size
5
5
5
5
5
5
5

Mean%
14
43
6
18
3
15
1

Min%
5
30
5
0
0
0
0

Max%
30
60
15
40
5
30
5

Table 4: Adjusted land cover composition
New Land Cover Class
Minimum%
Forest
5
Wetlands
5
Meadows+Transitional
5
Still Water+Running Water
0
Human
0
Agriculture
0

Maximum %
40
60
40
20
5
40

Issues with the LULC Data in the Second Iteration
At less than 30% forest within the home range buffers, there are no sites available
for study; however, spotted turtles have been observed in the study site counties in
several wetland complexes with greater than 30% forest. The rate of misclassification in
the 1992 LULC database (commission errors) and the small number of participants in the
survey suggested that the maximum percentage level be raised to a conservative estimate
of 40%. Forests and forested wetlands were not distinguished in the land cover file,
which makes it difficult to distinguish wetlands with forest cover from non-wetland
areas. Distinguishing forests and forested wetlands was possible using orthographic
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imagery, but difficult at several sites. Canopy cover was indistinguishable in some areas
with forests of upland and wetland types overlapping the wetland boundaries of the DEC
wetland shape files.
Wetland polygons were summed and set to a minimum of 5% and a maximum of
60%. The minimum is set to indicate the wetland presence and compensate for the
misclassification of meadow, transitional areas and forested wetlands. The maximum is
subject to significant variability based on survey responses and land cover overlap.
Suitable habitat is more highly dependent upon restricting land cover classes, such as
agriculture and forest.
Water polygons were set at a maximum of 20%, summing the averages of the still
water and running water polygons. Running water and still water cannot be distinguished
in the 1992 LULC file. Many water bodies do not appear in the 1992 land cover digital
file, though there are water sources feeding the wetlands. The surface water polygons are
viewed more closely using photography and hydrography line files. No minimum is set
to account for fluctuating and seasonal water levels. Greater than 20% composition of
sites by water polygons indicates a lack of terrestrial habitat for other parts of the spotted
turtle life cycle.
Meadows and Transitional areas are set with an upper boundary of 40%. This
higher level is set to account for the misclassification of wetland areas as hay and pasture.
The minimum of 5% is set to ensure at least some open canopy areas. Agriculture pixels
were set at a maximum level of 40% to account for overlap and areas surrounding
wetland areas. At this point, if the previous tolerances are not met, there is often a
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disproportionate level of certain habitat, indicating low suitability due to single habitat
dominance.
The maximum value of human land cover was set to 5%. In questions 24-26,
human land covers were not offered as options in habitat composition. This was
supplemented by the responses to questions 44 and 45. According to the participants,
these areas are considered moderately to very harmful to the species. However, to have
no tolerance is not possible because of the dominating presence of human activities.
spotted turtles have also been observed in areas with some human activity, such as
residential areas and abandoned industrial sites. Five percent tolerance allows for
scattered pixels and isolated human activity sites. Greater than 5% human land cover
class indicates a higher level of activity that is harmful to the species.
Sites that met the criteria had their land cover composition values (% of land
cover) multiplied by the weight factor corresponding to the habitat (Appendix 4). Values
for different land cover classes were added together for the selection criteria. Because of
the conglomeration, the difference in suitability values of the sites becomes minimized.
For example, from survey responses to question 25, Meadows had a weight factor value
of 0.117, Transitional Area has a weight factor of 0.190 and Wetlands has a value of
0.311. Because Transitional Area and Meadows are not distinguishable in the 1992
LULC files, their values are summed to 0.307. When these values are multiplied by the
land cover composition numbers, the wetland value retains a slight edge, but the
transitional area/ meadows land cover class is statistically equal in importance (Table 5).
Suitability values based on land cover composition vary less than if weight factors were
assigned directly to land cover classes. This creates a biased analysis by consolidated the
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original number of habitats into only four types. Future habitat prioritization using
LULC files will require constructing survey questions around available land cover classes
more than classes defined in the literature.

(25) Please rank the importance of the following types of habitat using the pair-wise
comparison provided.

Habitat Type
Upland Forest
Wetlands
Meadows
Still water
Running Water
Transitional
Area

Sample Size
5
5
5
5
5

Weight
Factors
(Combined)
0.076
0.311
0.117
0.222
0.084

Min
0.062
0.292
0.093
0.178
0.065

Max
0.085
0.327
0.139
0.292
0.107

Variance
15.65
5.65
19.83
24.26
24.42

5

0.19

0.156

0.233

19.79

Table 5: Combined weight factor values of new land cover types

Habitat Type
Upland Forest
Wetlands
Meadows + Transitional
Area
Still water +Running Water

Weight Factors
(Combined)
0.076
0.311
0.307
0.306

Buffering (Third Model Iteration)
Question 47 of the survey asked participants to indicate suggested buffer areas of
habitat. The three participant responses ranged from 100 meters to 2000 meters for
various human factors. According to questions 44 and 45, roads were considered the
most harmful to the species with industrial areas and residential area as second most
harmful. Creating buffers using pixels of industrial areas, however, would create many
overlapping boundaries. Because of the complexity of the fragmented residential and
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industrial areas and their connection to roads, roads alone were considered in the final,
excluding buffer analysis. This was necessary because the land cover class that includes
industrial areas also included roads in the digital file. Therefore, a line file of the roads in
the study area was used to create the proximity buffers. Buffers were run at 100 meters,
500 meters and 1000 meters, respectively and intersected with the Primary Site files.
Sites that were not selected were noted and set aside for follow up analyses (land cover
verification and aerial photo visual inspection).
Verification by Digital Imagery
Of the 53 sites identified by the second iteration as having suitable land cover and
using the 20-ha home range, 47 contained land cover boundaries that matched up well
with 2002 orthographic imagery in visual inspections. Of the six sites identified as
having poor land cover agreement, one site was not considered suitable because of
increased housing development between 1992 and 2002. The other five sites contained
significant differences between the 1992 LULC classifications and the orthographic
imagery that most likely are due to problems with the original classification of the 1992
LULC data. The final four 20-ha home range sites selected using the 100 meter road
buffer (third iteration) all matched the land cover classes in the orthographic imagery.
Of the 50 sites identified by the second iteration using the LULC analysis and the
30-ha home range, 45 contained land cover boundaries that matched up well visually with
2002 orthographic imagery. Of the 2 sites selected using the 100 meter road buffer, both
matched the land cover classes in the orthographic imagery. Observed misclassifications
in the five problem sites were mainly wetlands confused with meadow and row crops. In
some circumstances, forested wetlands and new urban development were present.
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Areas that showed the greatest change in land cover type between the 1992 LULC
file and the 2002 DOQQ imagery were agricultural and rural areas where housing, road
and agricultural development had occurred since the creation of the land cover file.
Areas that were considered suitable but were not actually suitable showed a significant
increase in agricultural and human land cover areas. Double checking on 100 sites not
selected from the original pool of seed sites in the second iteration, when over-laid with
orthographic imagery, 10 should have been included in the analysis but were not because
forested wetlands and emergent wetlands were misclassified. Sites selected in one data
set and not another tended to occur because of marginal differences in land cover
composition.
Figure 12 shows example seed sites against orthographic imagery. Seed site 85 is
nearly identical to the DEC wetland polygon in the area. Figure 13 shows the 1992
LULC land cover classes of the seed site. In several places, the LULC classes do not
clearly distinguish the wetland complex from non-wetland areas. For example, land
cover classes within the seed site boundary include deciduous forests (code 42), mixed
forests (code 43), and pasture/hay (code 81). These may include forested wetlands and
wet transitional areas. The 20-ha buffer and 30-ha buffer home range areas are also
within 100 meters of a road, which exclude the site from further analysis. Other sites are
compared to confirm land cover classes present.
The sites selected in each iteration step represent the limiting and removal process
of potential sites. Again, the 1992 LULC data were the best available LULC data and the
analysis using orthographic imagery serves as a quality control effort, given previously
mentioned constraints in being able to field verify the sites selected by the model.
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Figure 12: Sample Orthographic imagery comparison to seed sites.
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Figure 13: Orthographic imagery with 1992 LULC land cover classes. Certain land
cover classes cannot be distinguished easily from either the image or the
LULC, such as forested wetlands.
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Verification of predicted sites using general spotted turtle data from NY DEC
In an effort to validate the predictions of the model, general spotted turtle
observation data from historic sightings was acquired through the DEC (Appendix 5).
These data, along with DEC and NWI wetland boundaries, road files, and scanned
topographic maps, were used to create a point file (a shape file called DEC TURTLE
POINTS) and overlaid with the initial seed sites (Figure 14), results of the second
iteration (Figure 15), and the final predicted model sites of the third iteration (Figure 16).
The distance of each DEC site to the nearest second iteration seed site was also measured
using the distance tool in ArcGIS. DEC turtle locations 4, 6, 8, 9, 22, and 25 are all
outside any wetland boundary (DEC or NWI), which would have excluded them from
any GIS model using wetlands a primary parameter. Points 8, 13, and 22, however are
very close to a wetland boundary and would be good sites to check for changes in the
wetlands databases.
Overall, two second iteration seed sites matched two historic DEC sites, and two
more historic DEC sites were within the boundaries of two the first iteration (DEC
wetland boundary/organic soil only) seed sites. Many historic DEC sites were relatively
close to seed sites, however. For example, around the Bergen Swamp area in Genesee
County, the “missed” DEC sites are between 0.05 and 0.5 miles of a seed site, suggesting
a general fit between the model and the historic data. In the town of Kendall in Orleans
County, however, all of the historic DEC sites were assigned to the same seed site in the
distance assessment, but are between 1.4 and 2.6 miles away. These populations of
spotted turtles in particular were problematic, as the historic notes indicate they preferred
clay soils and ditches, and both of these parameters would have excluded these historic
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Figure 14: Historic spotted turtle population sites (numerically labeled NY DEC
Records) and initial model sites (DEC wetlands and Organic Soils).
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Figure 15: Sites selected from the second iteration and labeled digital points of previous
spotted turtle sightings in the study area (from DEC records, Appendix 5).
Twenty-seven historic sighting points were used to compare turtle locations to
the sites selected from the second iteration of the GIS model (wetland, organic
soils, and land cover parameters).
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Figure 16: Historic turtle population sites (NY DEC records) and final model sites (Road
and Hydrology Buffer Constraints). Four final sites were selected, but site
637 only contains a 20-ha home range due to the road buffer constraint.
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site areas from the developed model. These wildly different results suggest that while
many of the 20 or 30 ha home range model sites may be potential sites for more in-depth
field investigations, localized variations in turtle habitat preferences make regional
modeling difficult, and that a more local scale may be necessary.
Analyzing the initial seed site parameters against the historic DEC turtle sightings
also suggests that the organic soil parameter may have been too constraining at the high
organic content threshold. Twenty-three out of the 27 historic DEC sites missed being in
seed sites due to the organic soil parameter. A future analysis would be to add in organic
soils with a lower organic content and reevaluate the seed sites.
Suggested Field Surveys and Verification
In addition to the aerial photo assessment, the best GIS model sites should be
evaluated through field assessment. Field assessment provides a finer resolution
assessment of habitat, vegetation, movement paths and threats to the species. Because of
the time and seasonal constraints of this research, field surveillance and confirmation
were not possible. Future field verification may include the following procedures:
a) Qualitative measurement of human presence and impact on habitat, including
levels of disturbance and threat to the species, such as predators.
b) Examine restrictions to movement between sites and habitat fragmentation.
c) Specific habitat types, habitat quality and vegetation observation, include invasive
species
d) Water quality and presence measurement.
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Final Site Selection
The best sites for further investigation were selected based on criteria of the
model and qualitative considerations of the participants. Qualitative considerations
included connectivity to other sites and wetland complexes. Verification against
orthographic imagery and spotted turtle sighting data sets.
The best sites were sites according to the model were sites 139, 342, 635 and 637
(Figure 11). These sites meet the minimum land cover composition suggestions and are
outside of the 100-m buffer from roads. There are likely several more sites that would be
considered in the “most” suitable group had they not been removed from the selection
pool by the highly restrictive road buffers (Selected Site Information, Appendix 4).
However, according to the general spotted turtle habitat data (Breisch and Ozard, 2000,
Appendix 5) and discussion with professionals, many potential sites were excluded from
the initial study sites because they excluded areas that were not DEC protected wetland
areas, such as ditches and culvert systems. As a result, many potential spotted turtle sites
in Orleans and Ontario counties were excluded from the study area. What this suggests is
that spotted turtle soil preference is more flexible, where a ready water source is more
critical than presence of a wetland. A further iteration to consider for future study would
include the use of both NWI and DEC wetland databases as well as the hydrology
information, all linked to the hydric soils data, which may capture more of the actual
sites. The problem with the large road and water buffers being overly exclusive in the
more densely developed areas, however, would likely remain.
Several final sites had high suitability based on land cover composition, but
remained isolated from larger complexes. Site 139 had the highest rank in both 20-ha
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and 30-ha site selections due to a high wetland component and isolation from road areas,
but it is isolated from any other complex due to the seed site being an isolated wetland
(Figures 11 and 16). Site 139 was located at least 500 m from a road in a small wetland
(331403.5 sq-meters in the 20-ha home range set (0.331 sq-km), 433488.9 sq-meters in
the 30-ha home range set (0.433 sq-km). Sites that are part of larger wetland complexes
tend to intersect roads and human activities more frequently. However, selected sites that
act as part of a larger wetland complex indicate greater potential and space for safer
movement. These tend to be higher in human land cover classes and not considered
suitable due to high human land cover and roads.
Consider the image of sites 127 and 128 (Figure 17). The sites of the second
iteration are highlighted, with sites and LULC land cover polygons within the buffer area
of surrounding seed sites. In the third iteration, the sites are excluded because of their
proximity to roads. However, because of the large site area, the seed sites suggest that
the wetland and seed complex should be considered further, as these seed sites and home
range buffers could easily fit between the roads within the interior of the wetland
complex .
One part of the site selection process that was not addressed in this research was
size of the site in overall suitability. Land cover composition weight factors were based
on percent land cover, so that final suitability values did not depend on size. Site 139 had
greater suitability according to the factor weights but was much smaller than site 637
(Figures 11 and16).
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Figure 17: Sites 127 and 128, 1992 LULC classes of adjacent seed sites, and 2002
orthographic imagery. The sites are part of a larger wetland complex that was
excluded due to the road buffer. The connectivity, however, suggests that this
series of seed sites would benefit from further field investigation.
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Some sites were also marginally excluded, though they likely would have been
good sites. Site 126, adjacent to sites 127 and 128 (Figure 17) was excluded because the
forest composition value was slightly over the prescribed value, though it was high in
wetland and low in agricultural and row crop areas. Sites 996 and 997 in Mendon Ponds
(Figure 18) were excluded because the home range polygon touched a road, even though
very little of the area was impacted. Mendon ponds is an area known to have supported
spotted turtles in the past, based on DEC historic sighting records. The selection process
of the sites relies on site composition and road proximity, identifying the “best sites” for
further field investigation. The most reliable data sets used to identify potential areas
were the wetland shape files and imagery data sets. These data sets provided clear and
accurate reference material to compare with the other data files.
The most restrictive data sets in this research were the road buffer data base,
followed by the soils data base and then survey responses. The soils database did not
have spatial data available for two of the counties, which did not allow for the creation of
seed sites in those counties. Should further participant response be solicited, there would
be a more solid foundation for the assumptions and adjustments made in the land cover
data set.
The 1992 land cover file was also challenging to work with because of the
misclassification errors associated with technical error and changes between the 1992
LULC data and the 2002 orthographic imagery for comparison. A 2002 LULC image is
currently being prepared by the US Geological Survey, but had not been released at the
time of this research.
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Figure 18: Sites 996 and 997, Mendon Ponds Park, Mendon, NY, with 1992 LULC land
cover classes and orthographic imagery. These sites were excluded from the
final analysis (third model iteration) because of their proximity to roads, even
though historic DEC records show Mendon Ponds as having supported spotted
turtle populations in the past and land cover scores in this analysis were high.
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Future Research and Method Improvement
Throughout the survey, participants were asked to provide suggestions and
additional information on habitat suitability and the survey. Several questions were not
answered by participants, suggesting that the questions be altered or removed from the
next survey (Appendix 3). Several questions required adjustment to acquire more
complete and compatible data are for the GIS model. Survey responses would be
increased by streamlining questions and more aggressive involvement with the
participants and sharing the survey with colleagues not widely known for their work or
knowledge with spotted turtles.
Questions 25-26 should be modified to include human land cover classes and
activities as options for land cover composition suggestions. Questions 27-32 were not
used in the GIS model, but will provide information for developing a ground survey
analysis. These data include types of wetlands, landscape complexity and connectivity
input from survey participants.
Improving the selection of sites based on land cover composition would require
adjusting land cover classes and home ranges for seed sites. One possible methodology
would include having survey participants rank the importance of land cover classes of the
LULC file and use those as factor weights. Different home ranges can be used to
determine sites of greater suitability by looking for sites common across multiple home
range sets.
There was a significant disparity between the data solicited in the survey and the
data available. Several questions created a dichotomy between human influences and
environmental influences instead of integrating them. For example, when asking
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participants to suggest land cover composition, human land cover classes were not
provided. Additional questions to account for negative suitability of different landscape
features were also absent.
While literature defined general habitat needs of spotted turtles in certain terms,
these terms were not equivalently defined in the land cover file used for the analysis.
Several land cover classes were lumped together, offering less distinction between
different habitat types. Moreover, the current land cover data set does not distinguish
certain habitat, such as the forest classes. One way to reduce the disparity would be to
define habitat types in terms of land cover file classes (1992 and 2002, when it becomes
available). Another method might be to create a project specific land cover classification
directly and use that with Landsat imagery to derive land cover and land use features for
the GIS dataset.
Several other issues touched upon in this research include the effectiveness of
using the species as a focus for the model and components of the spotted turtle lifecycle
unaccounted for in the model. The spotted turtle was a good species to analyze in this
study because of relatively little conflicting information on the species’ needs and
presence in the study area, the need for multiple habitats at different parts of the species’
lifecycle, and the immediate need for methods of selecting areas for preservation of the
species effectively in the study area. While the survey and model tried to incorporate
issues, such as juvenile versus adult individual needs in the model and survey, the
isolation of sites also brought up the question of isolated populations, including genetic
isolation relative to physical isolation of turtle metapopulations. Migration and
emigration were indirectly taken into account by soliciting information on the maximum
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distance they could travel between certain areas of importance, such as water, but not
directly addressing the issue. One additional venue of inquiry may be whether the model
predicts for one population with occasional exchange or different, distinct populations
with occasional genetic exchanges. Again, this is not known currently and will require
further investigation.
Parcel data for each county could provide more refined and current land cover
classifications and could be used instead of the 1992 LULC data, but it is difficult to gain
access to parcel data sets due to privacy issues. These data were available for Monroe
County, but not for the rest of the study area. If these data become available, they would
provide a much higher resolution dataset, particularly for human land covers and land
uses.
Improvements in GIS Methodology
In future analyses, weight factors for different land covers must include human
land covers and positive and negative effects of certain land covers. For example, two
participants indicated that forest canopy had a negative impact on habitat preference. In
an updated method, weight factors representing negative and positive impacts on habitat
preference should be substituted for the Boolean exclusion steps of the road-buffer
selection. In the current model, sites are removed if they intersect the buffer of a negative
feature (in this analysis, roads), even if it were a marginal portion of the total site polygon
or at the edge of the site polygon. This is highly risk aversive. The road buffer system
encouraged isolation between wetland complexes. The road data did not include
information on culverts, corridors and bypasses across roads, unpublished and new road
areas since the release of the road data, or the difference in activity level along the road.
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Additionally, the restrictive nature of the Boolean exclusion did not account for
connectivity and the effects of proximity to positive and negative landscape features.
Instead of an exclusion of sites based on a buffer system, future analyses may
include assigning weights to pixels of sites based on their distance from roads. Survey
participants can be asked to rank different distances from human activities from greatest
harm to least harm. From the combined ranks in GIS, a function can be developed using
GIS tools to assign graduated values to the pixels based on a function of distance. These
pixel values can be added or subtracted from the value of the cell based on habitat
composition. The summed value of all the pixels in the site will reflect both
compositional and proximity variables. This process can be extended to include pixel
representing hydrological features and other human activities (such as industrial areas
and residential areas) which maximizes the utility of the LULC file for assessing value
based on natural and human land cover types.
Factors that were not considered in the GIS model were surrounding human
populations, predators, fragmentation and connectivity between sites. The effects of
human population density can be solicited from survey participants, including maximum
human density and optimal human density in the best spotted turtle habitat. One way of
measuring fragmentation would be to divide the sites by the roads file and determine the
percent area of the largest piece. A large single piece would indicate lower
fragmentation. This methodology would be possible using the UNION function with the
site polygons and the roads file.
Predators and qualitative concerns require ground surveying techniques. These
include predator sightings and predator track surveys. Qualitative assessment may
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include water quality assessment and habitat type distinction. Different types of wetlands
can be tallied and finer suitability values can be assigned to the sites. Connectivity can
be measured by friction mapping, pixel values assigned based on a function of
connectivity between sites or an intersection between sites and another digital data layer
that represent the connectivity between the sights, such as hydrological features.
Statistical analysis of future data would include sensitivity and consistency
analysis in survey data and in the sites selected by the GIS model. A larger response pool
would also provide the user with more information on which to build hypotheses and
model parameters to test scenarios using the GIS model. Data on spotted turtle sightings
in the study area for verification should also be considered for future research. Several of
the descriptions were hard to place. For point 23 in the general sighting information
(Appendix 5), for instance, directions indicate the site is WEST of Sweden Road, but the
other reference roads are EAST of Sweden Road. Again, general data sets like these are
the only data sets available for confirming model predictions, suggesting the need to field
check predicted model sites.
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Conclusions
While there is conflicting information and lack of research on the habitat needs of
the spotted turtle, information for effectively developing conservation and management
plans can be incorporated from multiple sources to select suitable habitat based on
collective knowledge of the species. These sources include literature data, direct field
data, GIS databases, and expert opinions obtained through surveys. While there were
fewer participants than expected in the survey portion of this project, their responses
reinforced information from the other datasets and suggested new ways to improve the
model and analysis.
The best potential spotted turtle sites were selected using an iterative process (the
Hybrid-Deductive approach) based on habitat composition, proximity, and qualitative
judgments. Survey responses of spotted turtle experts gathered as part of the qualitative
analysis have helped identify gaps and strengths in knowledge of spotted turtle habitat
preference. GIS was used to integrate the various types of data and create the habitat
model. The GIS model and modeling process were designed to select the “best” sites for
further investigation and the model appears to have worked reasonably well, based on the
seed site locations and DEC records of historical spotted turtle populations, especially in
Monroe and Genesee Counties, NY.
In this analysis, four sites were identified as being high-priority sites to initiate
field surveys for possibly reintroducing spotted turtles within the study area. However,
historic spotted turtle sightings data suggest that the model requires further refinement to
include localized differences in habitat parameters in certain areas of the study site
(Ontario and Orleans Counties). Predicted model sites not associated with DEC records
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would be good candidates for field visits to see if they could be used for spotted turtle
reintroduction initiatives, or to determine ways of modifying the GIS model.
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Figure 1: Final study area including Monroe, Genesee, Orleans, and Ontario
Counties, New York. Total land area of the study site is 5,667 km2
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Figure 2: Organic Soils in the Parma/Greece area of Monroe County, NY.
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Figure 3: DEC wetland boundaries overlaying organic soils in the
Parma/Greece area of Monroe County, NY.
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Figure 4: Seed site area showing the intersection of DEC wetland boundaries
with organic soils in the Parma/Greece area of Monroe County, NY.
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Figure 5: Initial GIS model seed sites (1091) in the four county study area,
selected based on the intersection of DEC wetland boundaries and
organic soils.
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Figure 6: Example of a seed site with buffers of 255 meter (representing a
20-ha home range) and 310 meter (representing a 30-ha home range). 38
Figure 7: LULC file land cover classifications in the Parma/Greece area of
Monroe County, NY with home range buffers displayed. Intersecting
the buffers with the LULC layer extracted land cover information for
the seed site areas, used to evaluate sites in the second iteration of the
GIS model using survey data.
39
Figure 8: Example of a seed site with LULC data classifications modified as
determined by AHP and the expert survey data.
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Figure 9: Points of seed sites selected during the second iteration (LULC
criteria). 54 sites remain using the 20-ha home range, and 50 sites
remain using the 30-ha home range. 40 seed sites are common to
both home ranges and are overlapping (see Appendix 4).
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Figure 10: Example of the third iteration process using intersection of seed site
home ranges with road buffers as an exclusion factor. Using a 100
meter buffer around the roads in the study area, only four seed sites
remain from the 20-ha home range subset from the second model
iteration, and only three sites remain from the 30-ha home range
subset. No seed sites remained after a 500 m and a 1000 m buffer
was applied to the roads. Site 635 in the illustration displays both
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its 20 and the 30-ha home ranges (outlines highlighted in cyan), and
site 637 shows its 20-ha home range (outlines highlighted in cyan).
Several other seed sites that overlap with sites 635 and 637 are also
shown, but these were ultimately excluded in the third iteration
because the estimated 20-ha and 30-ha home ranges intersected with
the 100 meter road buffers.
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Figure 11: Best Sites as determined by road buffer constraint. Using a 100
meter buffer around roads as an exclusion factor, four sites remain
in the 20-ha home range set, and three sites remain in the 30-ha
home range set. No sites were available at 500 meter and 1000
meter buffers. Sites 139, 635, and 637contain both home ranges,
and site 342 contains only the 20-ha home range.
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Figure 12: Sample Orthographic imagery comparison to seed sites.
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Figure 13: Orthographic imagery with 1992 LULC land cover classes.
Certain land cover classes cannot be distinguished easily from
either the image or the LULC, such as forested wetlands.
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Figure 14: Historic spotted turtle population sites (numerically labeled NY
DEC Records) and initial model sites (DEC wetlands and Organic
Soils).
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Figure 15: Sites selected from the second iteration and labeled digital points of
previous spotted turtle sightings in the study area (from DEC records,
Appendix 5). Twenty-seven historic sighting points were used to
compare turtle locations to the sites selected from the second iteration
of the GIS model (wetland, organic soils, and land cover parameters). 73
Figure 16: Historic turtle population sites (NY DEC records) and final model
sites (Road and Hydrology Buffer Constraints). Four final sites were
selected, but site 637 only contains a 20-ha home range due to the
road buffer constraint.
74
Figure 17: Sites 127 and 128, 1992 LULC classes of adjacent seed sites, and
2002 orthographic imagery. The sites are part of a larger wetland
complex that was excluded due to the road buffer. The connectivity,
however, suggests that this series of seed sites would benefit from
further field investigation.
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Figure 18: Sites 996 and 997, Mendon Ponds Park, Mendon, NY, with 1992
LULC land cover classes and orthographic imagery. These sites
were excluded from the final analysis (third model iteration) because
of their proximity to roads, even though historic DEC records show
Mendon Ponds as having supported spotted turtle populations in the
past and land cover scores in this analysis were high.
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Appendix 1: Data Sources and Important Variables
Important Variables: Hierarchal distribution of habitat factors for AHP analysis.
Goal

Best spotted turtle Habitat

Habitat Factors

Aquatic Habitat

Terrestrial Habitat

Geology

Climate

Human Pressures

Sub-Factors

Physical Presence

Landscape Complexity

Soil Composition

Temperature Human Activities

Quality

Vegetation

Soil Texture

Precipitation

Number of Habitat Types

Slope
Elevation

AHP analysis depends on structuring multiple choice criteria into a hierarchy, assessing the relative importance of these criteria and comparing alternatives for
each criterion, then determining an overall ranking of the alternatives (conservation planning strategies, for example). These variables have been identified in the
literature to influence habitat preference, though their relative importance has not been clarified.
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Data Sources
Map Layer
County Boundaries
Civil Division Boundaries
Hydrography (2000)

Type
Grid
Polygon
Line

Scale
1:24,000
1:24,000
1:24,000

Roads (2000)

Line

1:24,000

DEC Wetlands

Polygon

1:24,000

SURRGO Soils

Polygon

1:24,000

Images
Orthography

LANDSAT

1:24,000

NYS LULC data

Raster

1:24,000

Source
Census Bureau
Census Bureau
NYSGIS
Clearinghouse
NYSGIS
Clearinghouse
NYSGIS
Clearinghouse
NRCS

NYSGIS
Clearinghouse
USGS

Table 1: Databases used for the GIS model. Data for the GIS analysis were collected and converted into
vector and raster formats for processing.
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Appendix 2: Survey
Knowledge of the habitat requirements of a species is necessary for conservation and
management strategies. This knowledge can be used to identify and prioritize suitable habitat for
the species within a landscape through habitat suitability modeling. Due to resource demands and
limited funds for land purchase, environmental managers, conservation biologists and ecologists
are often forced to choose which specific areas to protect within a larger region.
In the past, these choices often focused on a single type of habitat; however more
recently, conservation efforts have attempted to preserve areas with multiple habitat types. One
part of the process of conserving areas for a species with multiple habitat types is the
development of habitat suitability models. Habitat suitability modeling is a method for
identifying the optimum habitat for a target species. These models are important because many
species often use multiple habitats in order to carry out life processes. Thus, it would be
appropriate to create a model that accounts for the variable habitat used by a species in a
landscape and the influence of human activities.
Information acquired through this type of modeling can be used to help construct land
management and species management plans for conservation purposes, such as designing nature
reserves. Current scientific information, however, is often unclear and conflicting concerning the
behavior and habitat needs and interactions of certain species in dynamic ecosystems with strong
human influences. This is further complicated by habitat requirements at only certain times of the
year in response to a species’ life processes. Models that coordinate and anticipate the effect of
multiple land cover types are relatively new and simplistic. Furthermore, literature review
suggests that there is no standard way of ranking or prioritizing areas with similar, but not
identical, characteristics.
The purpose of the research is to create a refined, GIS-based habitat suitability model for
the spotted turtle that incorporates multiple habitats. A key feature of this model will be weights
assigned to the spatial parameters to help prioritize specific habitat requirements. This survey is
intended to collect qualitative and quantitative information on Spotted-turtle habitat. These survey
responses will be processed using Expert Choice software and the Analytical Hierarchy Process
(AHP) to create parameter weight assignments for a GIS model. The model will be created using
overlay analyses with available digital layers, where the survey derived weights will be assigned
to the GIS habitat parameters to create restriction factors on digital layers. Ranked potential
habitat locations can then be generated by adjusting the parameters and producing thematic maps
using a Boolean overlay procedure. Results will be compared to ground survey assessment and
statistical analysis to help verify the accuracy of the predicted sites and effectiveness of the
generated models.
The study area encompasses Monroe County, New York, and the five surrounding
counties of Orleans, Ontario Genesseo, Livingson and Wayne. Your participation in this survey
will provide qualitative and quantitative data on Spotted-turtle habitat preference factors. I would
appreciate it if the completed survey could be returned to me no later than October 28th, 2005. I
will send you a copy of the survey results and my thesis in appreciation of your participation in
this project. A case study and sample survey to answer questions about this survey formation and
AHP can by found at: http://www.maes.msu.edu/RR/RR580.pdf
Metty, Julie and Jo Ann Beckwith, 2000. A Multicriteria Evaluation of Policy Options for
Reducing Mercury Emissions from U.S. coal-fire plants, Research Report, Michigan
Agricultural Experiment Station Michigan State University.
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Section A: General Habitat Assessment
The purpose of this section is to evaluate the importance of main habitat factors and subfactors for the spotted turtle.
The following are five major habitat parameters identified in literature research suggested
to be considered in habitat suitability models.
Criteria
Aquatic Habitat
Terrestrial Habitat
Geology
Human Disturbance
Climate

Definition
The physical presence, amount and quality of the water bodies to
consider.
Types of upland habitat necessary, landscape complexity and
vegetation.
Soils present and the effects of slope on habitat selection.
Human activities that may cause a strong impact on this species.
Macro-climatic conditions, such as precipitation, and microclimate conditions, such as temperature ranges.

Please rank the importance of each habitat parameter from ranges from 1-5, where 1 is of
least importance and 5 is of highest importance. You may use these numbers more than once to
indicate factors of equal importance.
(1)
1.
2.
3.
4.
5.

Aquatic Habitat
Terrestrial Habitat
Geology
Human Disturbance
Climate

(2)
Please indicate any additional parameters you think should be included and the rank you
would assign them.
The following questions ask to compare the relative importance of specific habitat factors
and conditions using pair-wise comparisons. The ratings below range from 5 – 1 – 5. A ranking
of 5 indicates maximum importance relative to the other factor. A rating of 1 indicates they are
equally important.
To answer these questions, select a number that represents the importance of one of these
considerations to another. For example:
Aquatic Habitat

5, (4), 3, 2, 1, 2, 3, 4, 5

Terrestrial Habitat

would indicate that Aquatic habitat is highly important relative to terrestrial habitat.
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(3)
Aquatic Habitat
Aquatic Habitat
Aquatic Habitat
Aquatic Habitat
Terrestrial Habitat
Terrestrial Habitat
Terrestrial Habitat
Geology
Geology
Climate

5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5

Terrestrial Habitat
Geology
Human Disturbance
Climate
Geology
Human Disturbance
Climate
Human Disturbance
Climate
Human Disturbance

In addition to the main five parameters, there are twelve sub-parameters that bear
significant influence on habitat preference by this species.
Criteria
Water (Physical)
Water (Quality)
Multiple Habitats
Landscape Complexity
Vegetation
Soil Texture
Soil Composition
Slope
Temperature
Precipitation
Elevation
Human Activities

Definition
The water depth, water depth variability, and effects of presence
on habitat selection.
Chemical and pollution information in an aquatic environment
Terrestrial land cover and land use types necessary for this
species and spatial considerations, such as home range.
The interactions of different land cover types and the consistency
of these interactions and effects.
Vegetation cover and composition in different strata
Structure of soil substrate
The organic and mineral components of soil substrate
Percent slope that acts as a barrier
Temperature ranges this species inhabits
Precipitation ranges for this species
Elevation ranges this species inhabits
Activities including commercial, industrial, agricultural, etc.

Please rate the following factors from 1-5, where 1 is least importance to consider and 5
is highest importance to consider when assessing habitat for this species.
(4)
Water (physical)
Water quality
Multiple Habitats
Landscape complexity
Vegetation
Soil texture
Soil composition
Slope
Temperature
Precipitation
Elevation
Human activities
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The following is a series of pair-wise comparisons between these factors. The ratings
below range from 5 – 1 – 5. A ranking of 5 indicates maximum importance relative to the other
factor. A rating of 1 indicates they are equally important.
(5)
Water (Physical)
Water (Physical)
Water (Physical)
Water (Physical)
Water (Physical)
Water (Physical)
Water (Physical)
Water (Physical)
Water (Physical)
Water (Physical)
Water (Quality)
Water (Quality)
Water (Quality)
Water (Quality)
Water (Quality)
Water (Quality)
Water (Quality)
Water (Quality)
Water (Quality)
Soil Texture
Soil Texture
Soil Texture
Soil Texture
Soil Texture
Soil Texture
Soil Texture
Soil Texture
Soil Composition
Soil Composition
Soil Composition
Soil Composition
Soil Composition
Soil Composition
Soil Composition
Slope
Slope
Slope
Slope
Slope
Slope
Multiple Habitats
Multiple Habitats
Multiple Habitats
Multiple Habitats
Multiple Habitats

5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
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Water (Quality)
Multiple Habitats
Landscape Complexity
Vegetation
Soil Texture
Soil Composition
Slope
Precip/Temperature
Elevation
Human activities
Multiple Habitats
Landscape Complexity
Vegetation
Soil Texture
Soil Composition
Slope
Precip/ Temperature
Elevation
Human activities
Multiple Habitats
Landscape Complexity
Vegetation
Soil Composition
Slope
Precip/ Temperature
Elevation
Human activities
Multiple Habitats
Landscape complexity
Vegetation
Slope
Precip/ Temperature
Elevation
Human activities
Multiple Habitats
Landscape Complexity
Vegetation
Precip/ Temperature
Elevation
Human activities
Vegetation
Precip/ Temperature
Elevation
Landscape Complexity
Human activities

Vegetation
Vegetation
Vegetation
Vegetation
Precip/ Temperature
Precip/ Temperature
Precip/ Temperature
Elevation
Elevation
Land. Complexity

5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
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Precip/ Temperature
Elevation
Landscape Complexity
Human activities
Elevation
Landscape Complexity
Human activities
Landscape Complexity
Human activities
Human activities

Section B: Parameter Criteria
This section contains questions aimed at retrieving specific qualitative and quantitative
information about Spotted-turtle habitat. The following is a series of pair-wise comparison
questions and open-ended questions designed to collect this data.
The ratings below range from 5 – 1 – 5. A ranking of 5 indicates maximum importance
relative to the other factor. A rating of 1 indicates they are equally important, unless otherwise
indicated.
There are several open-ended questions as part of this survey. Please answer them to the
best of your knowledge. If the answer is unknown to you, please write down N/A.

Water (Physical)
According to several researchers, the maximum depth this species is found at is 0.6
meters (2 feet) deep; however, they do not indicate whether there may be another water threshold
or whether they may need a variability of depths. Please rank the importance of the following
water depths.
(6)
(0.0-0.2 m)
(0.0-0.2 m)
(0.0-0.2 m)
(0.2-0.4 m)
(0.2-0.4 m)
(0.4-0.6 m)

(7)

5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5

(0.2-0.4 m)
(0.4-0.6 m)
(0.6-greater)
(0.4-0.6 m)
(0.6-greater)
(0.6-greater)

If there are any additional water depths that represent any significance to this species,
please indicate their relative ranges and their relative importance:

Depths do not reflect effects of areas of a given depth within a water body. Water bodies
vary in size, but may have effects disproportional effects. Please assign a percent area for an
optimal aquatic habitat to these depth ranges.
For example:
Depth
0.0 – 0.2 m
0.2 – 0.4 m
0.4 – 0.6 m
Total

%
35%
35%
30%
100%
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In this example an optimal habitat setting would consist of 35% of the water body should
be between 0.0 and 0.2 m, 35% of the water body being between 0.2 and 0.4 m and 30% of the
water body being between 0.4 and 0.6 m.

(8)
Depth
0.0 – 0.2 m
0.2 – 0.4 m
0.4 – 0.6 m

%
_____
_____
_____

Total

100%

Water (Quality)
Chemicals and pollutants introduced into the environment have significant impact on
many aquatic and semi-aquatic species. However, identifying chemicals and effects of these
chemicals on this species has not been well explored.
(9)

According to your experience, what chemicals or particulates can impact this species, if
any? If unknown, please write: N/A.

(10)

In your experience, what effects do these chemicals or particulates have this species, if at
all?

(11)

Using the pH scale, what range of acidity levels can this species tolerate?

(12)

What range of acidity levels is found under optimal conditions for this species?
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Habitat quality and biological diversity are closely connected. Habitat incorporates the
biotic and abiotic attributes of the system. An effective method of assessing water quality is
assessing the presence and composition of macro-benthic invertebrates. The following two
questions are based on the Index of Biotic Integrity (IBI), where the answer given will indicate
water quality relative to optimum quality conditions. Water quality is rated from 1-5 where 1 is
poor conditions and 5 are pristine conditions. For more information on IBI, you can refer to:
Bioindicators of Watershed Health, available through the EPA at:
http://www.epa.gov/bioindicators/html/ibi-hist.html
What water quality conditions can this species tolerate?
(13)
1

2

3

4

5

4

5

What water quality conditions are optimal?
(14)
1

2

3

Soil composition
The following a trilateral diagram of soil components. This diagram helps to classify
what type of soils are present. This question aims at determining soil composition. What
percentage composition of clay, sand and silt in the substrate does this species prefer under
optimal conditions? You may answer by circling the numbers on their respective axis, which
represent percent of soil composition.
(15)
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Mineral soils and organic soils have different influence on moisture content, vegetation
and environmental composition. According to National Resources Conservation Service (NRCS),
organic soils are defined by having greater than 50% organic matter in the first 32 inches of the
soil. Please rate the importance of different levels of organic matter for this species:
(16)

0-25%
0-25%
25-50%

5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5

25-50%
50-greater
50-greater

Soil texture, soil hardness and soil slope play influential roles in microhabitat selection by
species. These influences include substrate stability and vegetation composition.
Please rank the importance of the following soil textures to this species.
(17)
Coarse
Coarse
Medium

5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5

Medium
Fine
Fine

Please rank the importance of the following soil hardness levels to this species.
(18)
Soft
Soft
Medium

5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5

Medium
Hard
Hard

The following are ranges of percent slopes used by the NRCS to classify soils. Please
rank the importance of the following slope ranges. The ratings below range from 5 – 1 – 5. A
ranking of 5 indicates maximum importance relative to the other factor. A rating of 1 indicates
they are equally important, unless otherwise indicated.
(19)
0-3%
0-3%
0-3%
0-3%
3-6%
3-6%
3-6%
6-12%
6-12%
12-20%

5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5

3-6%
6-12%
12-20%
20>
6-12%
12-20%
20>
12-20%
20>
20>
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Keys to Soil Classification, United States Department of Agriculture, National Resources
Conservation Service, soil Survey Staff, ninth edition, 2003. Available at:
http://soils.usda.gov/technical/classification/tax_keys/keysweb.pdf.

Multiple Habitats
Greater habitat quality encourages larger home ranges for this species; however,
minimum requirements for this species have not been established.
(20)

What is the minimum home range required for an individual of this species?

(21)

What is the minimum area to sustain a viable population of this species?

(22)

What is the minimum population density necessary to sustain a population of this
species?

(23)

What is the optimal population density of this species?

The following habitat types have been found to be used by the spotted turtle. Please rank
the importance of these areas from 1-5, where 1 is the least important and 5 is critically
important. You may use the same rank more than once to indicate similar or equal importance.
(24)
Habitat Type
Upland forests
Wetlands
Meadows
Open still water
Open running water
Early sucessional areas/ Transitional Areas
Other (please indicate, if any)
Other (please indicate, if any)
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Rank

______
______

Please rate the following land cover types using a pair-wise comparison.
(25)
Upland forests
Upland forests
Upland forests
Upland forests
Upland forests
Wetlands
Wetlands
Wetlands
Wetlands
Meadow
Meadows
Meadows
Open still water
Open still water
Open running water

5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5

Wetlands
Meadows
Open still water
Open running water
Successional/ trans areas
Meadows
Open still water
Open running water
Successional/ trans areas
Open still water
Open running water
Successional/ trans areas
Open running water
Successional/ trans areas
Successional/ trans areas

According to the literature, there are land cover and land use types that are used by this
species, but optimum landscape composition has not been determined. Please indicate the
percentage composition of the following land cover and land use types for optimal habitat.
(26)
Habitat Type
Upland forests
Wetlands
Meadows
Open still water
Open running water
Early sucessional areas/ Transitional Areas
Other (please indicate, if any)

%

_______

In addition to the land cover types listed above, wetlands have been indicated to play a
critical role in the life cycle of this species. The following are several type of wetlands that have
been identified as having potential importance to this species. Please rank the importance of the
following wetland types from 1-5, where 1 is of least importance and 5 is of highest importance.
(27)
Habitat Type
Bogs
Marshes
Swamps
Vernal Pools
Forested wetlands
Shore wetlands
(Other) please indicate

Rank
____
____
____
____
____
____
____
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Spotted turtles use many types of wetlands for life processes, but it is not clear what
proportion of wetlands in the landscape must be present in an optimum habitat. Please indicate
the percentage of the following wetlands types in an optimal habitat.
(28)
Habitat Type
Bogs
Marshes
Swamps
Vernal Pools
Forested wetlands
Shore wetlands
(Other) please indicate
Total:

%
____
____
___
____
____
____
____

Landscape Complexity
There is inconsistency over how many of the following habitats are necessary for optimal
use by this species. This question asks you to consider the number of land cover types listed
above that can be present for optimal habitat for this species. This question will help prioritize
habitat based on number of suitable land cover types available to this species.
Example:
Three

5, 4, (3), 2, 1, 2, 3, 4, 5

Six

For this question, a rating of three toward the choice “Three” indicates that the presence
of three of the land cover types above is moderately more important than having “Six” of the
above land cover types present.
Please indicate the importance of different numbers of habitat present. Please rank the
importance of these areas from 1-5, where 1 is the least important and 5 is critically important.
You may use the same rank more than once to indicate similar or equal importance.
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(29)

One
One
One
One
One
Two
Two
Two
Two
Three
Three
Three
Four
Four
Five

5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5

Two
Three
Four
Five
Six
Three
Four
Five
Six
Four
Five
Six
Five
Six
Six

Please provide the percentage of each habitat you would see in an optimal conservation preserve
for the spotted-turtle.
(30)

Habitat 1
Habitat 2
Habitat 3
Habitat 4
Habitat 5
Habitat 6

%
___
___
___
__
___
___

Total

100%

Type of Habitat
_____________
_____________
_____________
_____________
____________
______________

Previous research indicates that this species needs multiple land cover types for different
life processes. These studies however do not discuss the effects of distance between land cover
types on life processes.
(31)

What is an optimal distance between land cover types for this species?

(32)

What is a maximum distance that can occur between land cover types for this species?
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(33)

What is an optimal distance from water for this species?

(34)

What is the maximum distance from water for this species?

Vegetation
Vegetation coverage has important influence on ambient temperature, prey availability
and numerous other habitat considerations. However, vegetation requirements have not been
fully identified for this species.
The following are vegetation strata that may have significant impact on this species.
Please rate the importance of the following vegetation strata to this species from 1 to 5, where 5
indicates highest importance and 1 indicates the least importance.
(35)
Vegetation Strata
Aquatic Vegetations Strata
Barren Soil Strata
Grass Strata
Shrub Strata
Tree Canopy Strata

Rank

The ratings below range from 5 – 1 – 5. A ranking of 5 indicates maximum importance
relative to the other factor. A rating of 1 indicates they are equally important, unless otherwise
indicated.
(36)
Barren
Barren
Barren
Barren
Grass
Grass
Grass
Shrub
Shrub
Tree Canopy

5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
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Grass
Shrub
Tree Canopy
Aquatic
Shrub
Tree Canopy
Aquatic
Tree Canopy
Aquatic
Aquatic

(37)

What vegetation requirements, if any, are necessary for spotted turtles during the
following activities?

Foraging:
Mating:
Basking:
Swimming:
Additional:

Macro and Micro Climate
The following questions are on macro and micro climatic conditions for this
species. The data collected from this part of the survey will not be used directly for this
research, but will provide preliminary data for future researchers. This will provide baseline
information for future researchers into the effects of precipitation ranges and temperature ranges
for conservation purposes for this species.
(38)

What temperature range is this species found in?

(39)

Is there an optimum temperature range for this species, and if so, what is it?

(40)

What precipitation range is this species found in? Please answer using average annual
precipitation.

(41)

Is there an optimal precipitation range for this species, and if so, what is it?

(42)

What elevation range is this species found in?

(43)

Is there an optimal elevation range for this species, and if so, what is it?
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Human Activities
Different human activities and land uses can have significant impacts on the quality of
habitat. These impacts can be harmful but may provide unforeseen benefits to this species. The
following are wide-ranging human activities that have had strong impact on the surrounding
environment.
Please rate these activities from 1 is very helpful to this species, 2 is moderately helpful,
3 is mixed effect, 4 is moderately negative impact and 5 is very harmful.
(44)
Human Activity
Commercial development
Industrial development
Residential Development
Roads
Agriculture
(45)

Rank

For activities that receive a rank of 1, 2 or 3, please explain the specific effects of the
activity on this species. For example, if “Roads” was ranked 3, please explain the
positive and negative effects of this human activity.
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The following is a series of pair-wise comparisons between these factors to determine
their relative impact on Spotted turtle habitat preference. The ratings below range from 5 – 1 – 5.
A ranking of 5 indicates maximum importance relative to the other factor. A rating of 1 indicates
they are equally important. Please rank the influence and importance of the following activities
relative to one another.
(46)
Commercial development
Commercial development
Commercial development
Commercial development
Industrial development
Industrial development
Industrial development
Residential development
Residential development
Roads

5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5

Industrial development
Residential development
Roads
Agriculture
Residential development
Roads
Agriculture
Roads
Agriculture
Agriculture

A minimum distance from these areas of activity may be necessary to delineate areas of
conservation priority. Please indicate the minimum distance from areas of these activities
necessary for optimal conditions for this species.
(47)
List of activities:
Commercial development
Industrial development
Residential Development
Roads
Agriculture

Minimum distance (meters)
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Section C: Background information
Part of this study is the integration of information from formal and non-formal sources to
create a model that can accurately predict a species’ habitat. Information from different sources
can have different influences on opinion and responses in this survey. The following are possible
sources where information on habitat for this species can be acquired.
Direct study of the species
Related research
Published data
Unpublished data
Direct exchange of information with others
Please indicate the importance of each of these sources of information in shaping your
responses to this survey. Please indicate using 1-5, where 1 is little to none and 5 are critical to
your knowledge.
(48)
Direct study
Direct study
Direct study
Related research
Related research
Direct exchange

5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5
5, 4, 3, 2, 1, 2, 3, 4, 5

What organization are you most closely affiliated with?
(49)
Non-Government Organization (NGO)
Academia
Government Organization
Other
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Related research
Direct exchange
Unpublished data
Direct exchange
Unpublished data
Unpublished data

Section D: Free Response
(50)

Please indicate any additional comments, concerns, or questions that will assist in this
research. Thank you for participating in this survey, your assistances is greatly appreciated.

Should be questions on optimum population density for a given area.

Thank you for participating in this survey.
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